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Unless otherwise indicated, al photographs reproduced in this report were taken by the Task Force
chair during tours of Public Drainage Associations and other drainage projects on the Eastern Shore of
Maryland and Delaware. The chair is grateful to the following individuas for their patience, concern,
and hospitdity in arranging and conducting these tours: Michadl Sgrigt, Richard Parsons, Rai Sharma,
Herman Davis, Jm Grindle, David Migter, John Shepard, Eric Buehl, John Bister, and Nick Carter.
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+{ Frontispiece. The Delmarva Penin-

sula. Yellow areas show the general
extent of land served by agricultural
Public Drainage Associations (PDAS)
and Public Watershed Associations
(PWAS) in Maryland. Superimposed on
these would be a vast network of lines
representing roadside ditches, storm-
water management conveyances, and
drainage on private land. Although pub-
lic drainage in Delaware was not within
the purview of this study, the Task
Force is grateful for comment and field
trip assistance provided by its represen-
tative from that state. [Map modified
from Shedlock et al., 1999, with infor-
mation summarized by Mister (Task
_orce
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Executive Summary

In June of 1999, the Public Drainage Task Force was newly congtituted and charged by the Chesa-
peske Bay Cabinet to develop recommendations which would enhance the Eastern Shore environment
and the agriculturd community by considering changesin public land drainage. The diverse member-
ship of the Task Force was chosen based on interest, background, and expertise that represented the
many stakeholders. After just over ayear of deliberations, which included numerous presentations by
members and invited outside experts, the Public Drainage Task Force has developed the following
consensus recommendations.

Recommendation #1.

Policy makers should acknowledge the need to protect the economic well-being of people who
depend on effective land drainage while at the same time protecting and enhancing the environ-
ment that is affected by public ditches. The objectivesto be balanced are efficient drainage of
land for farming, forestry, development use, and public trangportation, while aso as much as
possible reducing nutrient and sediment export and enhancing stream and riparian habitat for
living resources.

Recommendation #2.

The “on-the-ground” balance of objectives should reflect site-specific conditions as well as
overd| watershed management gods. Site-gpecific conditions involve physicd, biologicd, and
economic factors. Thereis need to identify, Ste-by-gte, opportunities for dowing the rate of
water flow and improving habitat in and near public drainage ditches without creeting uncom-
pensated costs for landowners who depend on public drainage.

Recommendation #3.
Implementation of the recommended objectives should involve the gpplication of best manage-
ment practices (BMPs) that are based on the most recent results of scientific research.

Continua research on drainage design and maintenance methods is essentid to further manage-
ment improvement of public drainage. Therefore, such research and technica assstanceto
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apply research results should receive active support from the State of Maryland. BMPs should
incorporate the best achievable methods to reduce nutrient export and increase habitat qudity.
Recommendation #4.

Within the next Sx months the State should cregte an interagency public drainage coordinating

group, to be chaired by a designee of the Secretary of the Department of Agriculture with

representatives from Public Drainage Associations (PDAS) and Public Watershed Associations

(PWASs) and from each of the Governor’s Chesapeake Bay Cabinet agencies. The misson of

this group will be to promote and encourage the following:

a) Review exiging state guiddines and practices to ensure congstency with recommenda:
tions made by the Public Drainage Task Force;

b) |dentify needed research, development, demonstration, funding, and technical assis-
tance related to the genera implementation of BMPs for public drainage;

) Establish guiddines which incorporate BMPs for use in the redesign and maintenance of
public drainage systems;

d) Cooperate with federa agencies to support State of Maryland objectives; and

e) Coordinate, across State of Maryland and federd agencies, the effective and timely
review of permits for drainage redesign and maintenance efforts.

Recommendation #5.

In recognition of the potentid public benefits of reliable maintenance efforts that are based on
BMPs, State and federd funds should be provided to augment loca revenue for maintenance
for Public Drainage Association (PDA) and Public Watershed Association (PWA) ditches, to
incorporate into their maintenance and redesign efforts progressive outcomes such as reducing
nutrient trangport, reducing flow, and habitat improvement.

Recommendation #6.

In keeping with the State of Maryland vison for Smart Growth and in compliance with existing
laws and regulations, the State should place the burden of costs required for atering public
drainage, such asincreased costs of maintenance, on to the developers of property to be
drained. Alterations would include up-stream and downstream stormwater features (structura
and non-structural) to accommodate devel opment, and mitigate expenses.
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Recommendation #7.

Watershed management goas must be consstent with the goal's of non-point source nutrient
load reduction efforts. The State of Maryland should maintain, and, as feasible, enhance and
expand current efforts to control nutrient losses from source aress, both public and private
lands, before the nutrients reach public drainage ditches.

Members

Wayne H. Béll, chair
Director, Center for the Environment and Society
Washington College

Philip Favero, facilitator
Institute for Government Service
College of Agriculture and Natural Resources
University of Maryland College Park

L. Joseph Bachman
MD-DE-DC Didtrict
U.S. Geologica Survey

Steven Bieber
Maryland Department of the Environment

Eric Buehl
Sussex Consarvation Didrict, Delaware

Nick Carter*
Cooperative Oxford Laboratory
Maryland Department of Natural Resources

Harry Cole
Caroline County Public Works

Robert Davis*
Public Drainage Association Manager
Parsonsburg, Maryland

Lisa Jo Frech
Nanticoke Watershed Alliance

Anne Hairston-Strang
Forests, Wildlife, and Heritage
Maryland Department of Natural Resources

David Harris*
Public Drainage Association Manager
Henderson, Maryland

Donald Jackson
Chesapeake Bay Foundation

James L ewis*
Caroline County Cooperative Extension Ser-
vice

John McCoy
Maryland Department of Natural Resources

David Mister*
Office of Resource Conservation
Maryland Department of Agriculture

Russell Molnar (dternate Ra Sharma)



PUBLIC DRAINAGE TASK FORCE
Final Report

Wicomico County Council Helen Spindlli*
Greensboro, Maryland
Bruce Nichols

Worcester Soil Conservation Didtrict, Mary- Kenneth Staver

land Wye Research and Education Center
University of Maryland

Richard Parsons

PDA Coordinator, Worcester, Somerset, James Wright

Wicomico Maryland State Highway Adminigration

Wicomico Soil Consarvation Didrict, Maryland

John Shepard
PDA Coordinator. Caroline, Queen Anne's
Cardline Soil Conservation Didtrict, Maryland

Michael Sigrist
Natura Resource Conservation Sarvice
U.S. Department of Agriculture

Christopher Spaur
Bdtimore Didrict, Planning Divison
U.S. Army Corps of Engineers

Sean Smith
Maryland Geologica Survey

Staff
Christy Mills James Newcomb
Eagtern Shore Tributary Team Coordinator Dorchester Soil Conservation Office, Maryland

David Nemazie*
Assgtant to the President
Universty of Maryland Center for Environmenta Science

* Tributary Team Representative



PUBLIC DRAINAGE TASK FORCE
Final Report

Introduction and Charge to the Public Drainage Task Force

The Chesapeake Bay Program is a cooperative undertaking by the states of Maryland, Virginia,
Pennsylvania, the Digrict of Columbia, the multi-state Chesgpeske Bay Commission, and federd
agencies led by the U.S. Environmenta Protection Agency (USEPA). In 1992 the Signatory parties
acknowledged that the 40% nutrient reduction goa established in 1987 would not be achieved without
addressing nutrient loads from the Bay’ s 64,000 mi2 watershed and further amended the Chesapeske
Bay Agreement to include reduction and control of point and non-point pollution in the tributaries. The
Chesapeake Bay Program was recently extended as Chesapeake 2000, aforma recommitment
underwritten by extengve public comment and support (Chesapeake Bay Program, 2000).

In accordance with commitments made under the 1992 amendment, the State of Maryland (MD)
edtablished a Tributary Strategies program and commenced the gubernatorial gppointment of ten
Tributary Teamsin 1995. The MD Department of Naturd Resources (DNR) was given responsibility
for coordinating and supporting Tributary Team activities. On 1 July 1998, the Choptank River
Tributary Team wrote DNR Secretary John R. Griffin raisng a potentia conflict between non-point
nutrient and sediment control through the use of forested buffers that dow down water movement and
the need for adequate land drainage through established public drainage systems (Appendix A). The
letter recommended development of best management practices (BMPs) for “channelized streams’
through interagency consultation between DNR, Departments of the Environment and Agriculture, the
State Highway Adminigration, and local jurisdictions. After endorsement by the Governor’'s Chesa
peake Bay Cabinet, Secretary Griffin, as Cabinet Chair, convened the “Public Drainage Association”
Task Force to meet for the first time on 23 July 1999. Dr. Wayne H. Béll, then Vice President for
Externd Relaions at the University of Maryland Center for Environmental Science and now Director,
Center for the Environment and Society, Washington College, was gppointed Task Force Chair.

Secretary Griffin’'s charge to the Task Force (Appendix B) went beyond the origina focus on BMPs.
Membership was expanded to comprise“. . . abroad based group, including representatives of
individual PDAs [Public Drainage Associations] and loca environmenta groups [to] dlow a greater
exchange of information and ideas, greater buy-in of proposed solutions, and better consderation of
issues beyond those associated with PDA operations and maintenance.” He further charged the Task
Forcewith “. . . creating a“‘win-win’ solution for the agriculturad community and the environment of our
Eagtern Shore” As charged, the Task Forceinitidly established its misson and objectives (Appendix
C). During these ddiberations the members concluded that exclusive concern with PDASs was too
redtrictive relative to the extent of public land drainage on the Eastern Shore and agreed to change their
group’ s name to the “Public Drainage Task Force’ (PD Task Force).
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Task Force Activities

In responding to Secretary Griffin's charge, the chair, facilitator, and staff worked together to design
and moderate Task Force meetings. Thelr objectives were to create a process that involved Task
Force members in a substantive way, took the time necessary to make wel-informed decisions,
focused on problems rather than on people and on interests rather than on predetermined positions, and
sought to identify options for mutud gain.

The Public Drainage Task Force held eeven meetings, beginning in July of 1999. Each meeting
involved aforma agenda, but included aso an opportunity for Task Force Members to interact
informally over lunch. Prior to the first meeting, the mediator and staff called every Task Force member
to ask the following questions:

6. Inyour opinion, what are the key issues rdated to public drainage in Maryland?

7. What groups do the issues that you have identified affect?

8. What options are there, in your opinion, for solving the issues that you have identified?
9. What expectations do you have for outcomes of the Task Force?

10. Do you expect there will be shared interests, among Task Force members, that may provide
common ground for Task Force outcomes? If so, what are those shared interests?

The staff summarized answers to the questions and reflected them back to members during the first
meeting of the Task Force. The summary of answers helped Task Force members understand their
differences and their amilarities and oriented them toward common interests. During their first meeting,
members of the Task Force adopted a mission statement and ground rules.

The Task Force Mission Statement is noteworthy because it spanned the issues surrounding public
drainage. It recognized the legitimacy of “ protecting the well-being of people who depend on effective
public drainage — farmers, resdentia property owners, highway users, and others” while at the same
time “atempting to protect and enhance the environment that is affected by public ditches” As
accepted by the members, the mission statement provided a framework for a broad discussion of issues
and made the balancing of interests the business of the Task Force.  The ground rulesincluded an
agreement by Task Force membersto “strive for consensus,” which the members defined as “being
ableto live, at least, with what we decide.”

After the July 1999 meeting, Task Force work proceeded in three phases. Thefirst phase involved
learning about public drainage. Topics for presentations during that phase were as follows:
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Higtory, Management, and Regulation of Public Drainage Associations (David Migter,
Maryland Department of Agriculture)

How Drainage Ditches Function (Dr. Gary Felton, University of Maryland, College Park)

Drainage Buffers as Nutrient Interceptors (Dr. Kenneth Staver, University of Maryland, Wye
Research and Education Center)

The Economics of Drainage (Presentation by Dr. Douglas Parker, University of Maryland,
College Park; Paneligts. Sid Richardson - Farmer and PDA Manager; Rai Sharma - Wicomico
County; Ca Leuben - Maryland Forestry Association)

Assessment of Aquatic Resources (Dr. Ronad Klauda, Maryland Department of Natural
Resources)

Water Quality (Dr. Joseph Bachman, U.S. Geologica Survey)
Wetlands (Dr. Kirk Havens, Virginia Indtitute of Marine Science)

Hydrology and Geomorphology (Dr. Karen Prestegaard, University of Maryland, College
Park)

In anticipation of the first meeting of the learning phase a sesson was held to plan the presentation by
officids from the Maryland Department of Agriculture. All Task Force members were invited to
participate in the planning sesson and saverd members, with various perspectives on the topic,
attended. This method worked well because it involved members directly in designing Task Force
meetings and it alowed for diverse views to be considered, informaly, before presentations were made
to thewhole Task Force. Because it was useful, the staff continued the practice of holding planning
sessons with a sub-set of members before al Task Force meetings.

Thelearning phase aso benefitted from work done by Sean Smith and Anne Italiano, who developed a
“Stream Corridor Management Bibliography” for use by the Task Force.

The second phase of work began in March 2000 and involved creating and sdlecting options for solving
public drainageissues. This phase had Task Force members working in three subgroups — each of
which used asat of criteriafor sdlecting options. The topics for discussion in these groups and the
criteriafor selecting options, posed in the form of questions, were asfollows:
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A) Public Drainage Desgn.

What design modifications to public ditches could be used to minimize the adverse effects of
drainage systems on the environment and to conserve water resources, while at the same time
compensating landowners for the property rights needed to implement the modifications?

B) Drainage Ditch Maintenance

In maintaining public ditches as parts of river systems, what ways are there to minimize the
adverse effects of drainage on the environment, while a the same time retaining the efficiency of
ditches at acceptable levels?

C) The Relationship between Drainage Ditches and Uplands.

In private land areas that drain into public ditches, what changes in landowner practices are
there that would minimize the adverse effects of drainage on the environment, while a the same
time preserving landowner rights and compensating landowners for their added expenses?

The fina phase of the process involved taking the options developed by the small groups, drafting them

into aset of recommendations, and discussing thosein Task Force meetings. The objective of this

phase was to forge a consensus among Task Force members. After hearing comments by Task Force
members, the chairman, with the assstance of the facilitator and staff, wrote a draft report. Task Force

members then provided their reactions to the draft and the chairman prepared the final report.

L and Drainage on the Eastern Shore

Thetotd acresinvolved in land

drai nage on the Eastern Shoreis County PDASPWAS Total Miles Total Acres
substantial. 1n addition to the 821 Caroline 68 368 70,137
mll&.s of channdlized sreams Somerset 4 2 13,758
administered by the more than 100

public drainage associations Wicomico 13 176 38,903
edtablished by law for agricultura Worcester 18 235 60,707

Summary of Public Drainage Associations (PDAs) and Public Water shed
Associations (PWAs) on the MD Eastern Shore (Mister, Task Force
presentation 10/20/99).
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purposes, there are hundreds of miles of roadside ditches to facilitate transportation. Beyond public
land drainage systemsis amyriad of farm ditches on private land. Findly, there are new drainage
systems built by commercid developers for the purpose of sormwater management. All of these
systems functiondly interact, overlap, and interdigitate in a bewildering network with one ultimate
purpose, i.e., to move water quickly from the land.

History of Land Drainage

Land drainage has been closaly associated with agricultural use of the landscape. The Task Force
learned that identifying the land affected by agricultura drainage would highlight most of Dmarva's
arableland. Drainage systems for trangportation, housing and municipa development, and stormwater
management have been connected to or superimposed upon the origina agricultura network and
purpose on Delmarva. As cropland accounts for gpproximately 50% of the land use on the Delmarva
Peninsula (Shedlock et al., 1999), many of these ditch networks continue to support activities for
which they were origindly constructed.

Sugtainable, hoe-based agriculture of the region’s Native Americans and the early colonists could be
carried out on upland soils because organic nutrients (often rotted fish or anima waste) were gpplied
directly to the hillsin which crops such as maize, tobacco, beans, and squash were grown. The
introduction of European grains and the development of a plow-based agriculture placed a premium on
soils that were more productive due to their organic content. These were concentrated in bottom lands
and other low reief sites where periodic floods left depodts of rich organic materia (Cronon, 1983;
Droege, 1996). But despite their inherent richness, in order to grow productive crops on these
inherently wet soils, the land needed to be drained.

Organized land drainage began in the U.S. and in Europe in the late 1600's (Iverson et al., 1993;
Evans, Gilliam, & Skaggs, 1996). Thefirst recorded project in Maryland was authorized by the
legidature in 1789 for the purpose of draining Long Marsh in Queen Anne' s and Caroline Counties
(Fig. 1). Components of the origina endeavor endure today in the Longmarsh Public Drainage
Association (PDA) and its Sster organizations on the Marshyhope watershed. Pressure to drain the
land, primarily on asmall scale, continued through the 19" Century. Because dave labor was generally
available, the usua practice was to employ hand tools to congtruct ditches that followed the natura
patterns of water flow across the landscape. Aslocal ditching networks expanded and coadesced they
crested a need for more efficient movement of water downstream. Farmers on the Pocomoke
watershed began calling for large-scale drainage projects prior to 1840. In that year the legidature
passed the first “ Act for clearing out the Pocomoke by means of alottery” (Anonymous, 1946).

There are an additional 2,000 miles of “tax ditches’ in DE, many of which are part of the headwaters of MD
land drainage networks (D. Mister, Task Force presentation, 10/20/99)

-O-
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The Depression is a benchmark of sortSforegrctlitire rtheDaiianetms nsulo. Much of the land
clearlngwascomplaed prior to this pefiod;iextensive effe d w eundertd;mshortly

Kent County, DE

Sussex County, DE

Figure 1. Public drainage in Caroline County, MD, and
neighboring Delaware. Above: The Long Marsh pro-

-10-
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ject, (locator map upper circle) authorized in 1789, is the
oldest on record. Origind ditch was dug by davesusing
hand tools. B/W photos show condition of ditch in 1936
(left) and after massive reconstruction (right) by Civilian
Conservation Corps in 1937 (from Lewis, 1995). Color
photo shows the main ditch as it exists today as part of
the Longmarsh Public Drainage Association. Lower
left: The Marshyhope Creek Watershed project (locator
map lower dlipse), initiated in 1964 and completed in
early 1980's. Dotted blue lines show the channelized
streams, totaling 260 miles and draining 104,798 acres
(from Fincher, 1977).

| wish to commend the work which your camp has done on the digging of Broadway

Ditch. | own afarm north of Goldsboro, which this ditch runsthru [sc], and | have

been bothered with flooded land after every rain until this ditch was re-dug. Since that

time the water runs off rapidly and clears both my land and my tilelines. | have dso

Seen the results of this ditch on farms above me where there were severa farms

practicaly water logged which have shown a tremendous improvement in drainage

conditions since thisditch was dug. . . .

Major new projects were also undertaken with CCC assstance. The Pocomoke project began in
earnest in 1940 (Fig. 2). By thetimeit had reached the Ddlaware Linein 1946, the origina 17-mile
river had been straightened to 14 miles, 1,347,474 cubic yards of earth had been excavated, and a
right of way cleared through 347 acres of forest. It wasthe largest project of its kind east of the
Missssppi (Anonymous, 1946), eventudly resulting in the channdlization of 80% of the watershed, the
largest S0 modified in MD (Roth et al., 1999).

The introduction of new techniques and funding subsidies alowed farm ditches to be placed closer
together, moving water even more rgpidly into the laterd collectors and overwhelming some systems
during periods of extended rainfdl (Fig 3). Many pre-existing systems were again re-engineered and
expanded during the 1960s under Federal Public Law 566 (PL 566; see below). One example, the
Marshyhope Creek Watershed Project (Fig. 1), was authorized by Congressin 1964 and completed
in about 1983. It included 458 planned miles of channdsin existing streambeds, designed to remove
excess runoff associated with a 2-year 24-hr storm event. Thetota project area, 100,600 acres,
affected 19% of the Nanticoke River Basin (Fincher, 1977). Another project on the upper Nanticoke
brought tota channdlization of the watershed to 50% (Roth et al., 1999).

Following this second period of new congtruction, attention in MD has turned to the maintenance of

exigding drainage systems. The last project, Nebo Road, involving 1.8 miles channdization on 66 acres
in Wicomico County, was completed in 1994.

-11-
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L egal Authority and Funding? = [P S

Although certain prowsonscan z; aced ba:k through much earlier Iegislation fLe / 5) _theIaN

2The Task Force thanks D. Mister and M. Delvecchio for the presentation from which much summary
information in this section was derived.

-12-
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Figure 3. Land drainage and agriculture are inter-
twined. Left: Three scans from the same series of
Soil Conservation Service (SCS) photos asin Fig. 2,
highlighting a distinctive landscape pattern at a
location somewhat West of those scenes. The 1938
scene is pre-Pocomoke Drainage Project. Note the
“X” patterns on many fields, the result of machinery
turns during hay mowing in these early June photos.
By 1952, the SCS was recommending more closely
spaced field ditches (drawn in ink on photo) to take
advantage of the improved drainage. Thiswas
realized before the 1972 photo was taken. In
addition, farmers switched from hay to grain crops to
support the burgeoning poultry industry. Above: At
the juncture of the Pocomoke River and Green
Branch main ditch. Top: The channdlized
Pocomoke, looking North. Bottom: Green Branch
main, looking Northwest. See Fig. 2 for location.

-14-
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1972

in watershed or subwatershed areas . . .." (Article 25, section 169). Asaresult of amendments made
in 1994, the PDA and PWA laws closdly resemble one another. There are 101 active PDAs and 4
active PWAs on the MD Eagtern Shore.

Article 25 establishes PDAs as palitical entities with authority “. . . to locate and establish ditche s,
drains, or cands, and to cause to be congtructed, straightened, widened or deepened any ditch, drain,
or watercourse for the purpose of establishing and maintaining watershed drainage systems. . . .”
(Article 25, section 52). They may levy taxes on landowners whose property borders a PDA ditch or
islocated on a PWA watershed for the purpose of construction and maintenance. Further, they shall “.
.. have and possess such rights-of-way and easements as are necessary for the congtruction and
maintenance of the drainage improvements and for the disposition of excavated materid . ..." (Article
25, section 88). PDA/PWASs administer drainage ditches on lands acquired by easement from the
origind landowners. These ditches function as water conveyance outlets for the farm ditches con-
gructed by landowners on their private holdings.

Funding for ditch congtruction and main- _ _ —

tenance was initialy provided by taxing \é\l’iiif:/gt‘i’f:“o” Eir:;‘ijo"rz”d“fe

the benefici a ies, hence the wi d@pread Sediment control Stream flow augmentation
name “tax ditches.” After 1951, some Drainage Irrigation

financia support has been provided by Storage of water for water supply

loca county governments especidly Types of projects authorized under Federal Public L aw 566.

when county road and PDA drainage
needsinterface. A maor resource was created under Public Law 566, the federal Watershed
Protection and Flood Prevention Act of 1954. This statute authorized the Soil Conservation Service

-18-
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(SCS, now the Natural Resource Conservation Service) to assst Soil Consarvation Didrictsin planning
and carrying out awide variety of watershed projects. Through the SCS, the federd government
provided approximately 75% cost-share funding for PDA congtruction; coupled with an additional
12.5% from MD and county funds, extramural support could cover as much as 87.5% of project costs.
This resource was largely responsgible for a nationwide spate of new projects and CCC project
upgrades during the 1950's and 1960's (Fig. 1), underwriting 40 of the 103 currently active PDAs on
the Eastern Shore. West Henderson PDA, completed in 1985, was the last to be constructed with
Federa Public Law (PL) 566 funds.

PL 566, now caled the Smal Watershed Program administered by the federal government, till asssts
loca governments in dedling with natural resource and related economic problems on specific
watersheds smaler than 250,000 acresin size. But because the U.S. Army Corps of Engineersis no
longer issuing permits for new ditch congtruction, establishment of new PDAs through the Small
Watershed Program would now be highly improbable.

Under MD law, only the Maryland Department of Agriculture (MDA) has the authority to provide
cost-share funding for maintenance of PDA/PWA drainage (Article 8, Section 602). Cost-share
began in 1978 and ended with budget reductionsin 1995. It has not been reingtated

for routine ditch maintenance, leaving PDA/PWAS dependent on tax assessments and county funds for
this activity.

Ditch Maintenance Walking Inventory Items of Concern

PDA/PWA easaments have aminimum 20-ft. Ditch banks
< aeasof falure

right of way to provide for maintenance of ditch | _ g jjies
function (Fig. 4). In these systems the process < areasdevoid of vegetative growth
itself beginsin the fal or winter with awalking
inventory conducted by PDA manegers, MDA Maintenance right-of-way

. < gulliesthat have cut across right-of-way
personnel, landowners, and maintenance Con-tractol . ey access
S. A report describing any problemsis prepared access to right-of-way entrance
with copies to the PDA Chair and MDA, the presence of woody vegetative growth
problems are discussed a the PDA Coordina- non-melriizined arees
tor's annua mesting vyith menagers. Theresultis | 1 ovom
al- or 2-year Operation and Maintenance Plan. < undesirable growth
The Plan is sent to MDA which forwards copies
to MDE, DNR, and if operations require permit-
ting, to the U.S. Army Corps of Enginears. Af-

N N NN

sediment bars that change directional flow of water
downed trees blocking flow of water
other blockages

N NN

ter aﬁo.day comment perlod the MDA Secre- Problems targeted during PDA/PWA walking inventory
L g . (Mister, Task Force presentation 10/20/99).

tary notifiesthe PDA Coordinator and managers

of plan approva/denid.

-15-
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icted maintenance efforts. For:
arelargdy exhausted throubh

Ey mowing and spraymg

The I0$'of state (M DA) matchlng Suppel

Agriculture

Development

County and state roads

Commercial and municipal organizations
Flood control

Benefits of PDA/PWA drainage extend
beyond the farming community (Mister,
Task Force presentation 10/20/99).

Figure 4. Ditch maintenance. Upper:
“Dipping” the Gravelly Branch Tax
Ditch near Georgetown, DE (right circle
on locator map); Dec. 1999. Thisisthe
first such sediment remova since the
project was completed in 1972. Properly
performed dipping is not supposed to
damage woody growth on bank (left);
view upstream (right) looking
downstream toward dipout (not in sight)
shows origina condition of bank. Left:
Typica result of two-sided, biennia
mowing on Smithville PDA (upper), part
of Marshyhope Drainage Project in MD
(Ieft circle on locator map). Periodic
cutting of woody growth under 4" in
diameter (lower) isaroutine main-
tenance practice for most MD PDA’s
and PWA'’s.
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tutes a“ public benefit” has been resffirmed by subsequent legidative findi _gs

o
" ke

However thefundl ond beneflts of land drainage have evolved with changmg Ia'lgvse For example,

-L.qh

timely application of fertilizer and cropping & time of maximum yield) antingr i

there will in fact be a harvest each year (S. Richardson, Task Force pr&a*it*atfé}i”lizl@?ai) Fig. 5).
In eastern North Carolina, for example, less than 50% of the norma corm acreegéW%‘ﬁmted during
the wet oring of 1989 while virtualy al of the drained fidlds were pla1ted~gn,,;une (‘EV&!"IS, Gllllam and
Skaggs, 1996). Ditches of the Aydelotte PDA were dug in the 1960's to dral n atﬁi:al of 14 000 acres
in eastern Wicomi co County (part of the Pocomoke system).

3See, for example, Article 8 (Agriculture), Section 603, (b) Legidative Findings. “[ The General Assembly
continues to find that the drainage of surface waters from lands for agricultural purposes by public drainage
associations represents a public benefit.”
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The beneficiaries of “publlc be

origina agricultural doimhn
lower water table enha

often mcorporated into a ;5

The evoIV| ng Uses of Iand drainage on the Eastern Shore largely have been superimposed on the origind
agn icultural dea gn This marriage has not aways had its benefits, particularly where scormwater

@d a7 ask Force presentation 1/19/2000; Pensyl, Task Force

] opers build private homes as well as fences and outbuildings

for maintenance is often logt (Fig. 5). Brush, sediments, and
-eats an eyesore that can reduce the enjoyment and value of property.
'dfloods property upstream with similar consequences. Developers
e at downstream locations away from their holdings as their
to perform what maintenance they can where ditches and
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Figure5. Upper: A farm on the Smithville PDA before

(13 March, left) and after (22 March, right) a 24-hr 2-in rainfall
event in spring 2000. Neighboring field exhibited no standing
water after this event. Another beneficiary, development, can
pose serious challenges for maintaining the effectiveness of
pre-existing agricultural drainage systems. In Ridgley, MD,
private lots abut an agriculture drainage ditch, preventing access
for maintenance aong the Chicken Bridge PDA easement
(left). Some suburban ditchesin Sdisbury, MD, contain trees
several decadesold (lower right). Asanother view in Ridgley
shows (lower left), development also adds impervious surfaces
(roads, rooftops, and parking lots). The increased runoff
encounters ditches full of trash and debris that has already
reduced the effectiveness of their drainage function. Thisisa
major problem where development is superimposed on a
drainage system originaly designed for agriculture.

The economic benefits of land drainage are difficult to assess. Benefits are viewed as congderable by
farmers, forest products industries, and residents who view drainage as “the bread and butter of the
Eagtern Shore” (Sharma, Task Force presentation 1/19/2000). Againgt these benefits must be weighed
costs ranging from taxes levied on the adjacent and/or benefitted properties for maintenance by
PDA/PWASsto a share of the multi-million dollar annua expenses being impaosed to reduce nutrient and
sediment loads into Chesapeske Bay (USEPA 1999). Economist Dr. Douglas Perker (Task Force
presentation 1/19/2000) observed that “ The economic vaue of drainage is capitdized into the market
price of the affected land itsdlf.” That vaue accrues to the owner at the time of improvement — drained
land brings higher rents and a higher selling price. The next owners pay the higher price for the land,
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and inherit the cogts of maintenance. Further, the economic vaue is based primarily on the certainty of
expectations about management options and about yields for drained as opposed to undrained land.
The ingbility to maintain adequate drainage for effective sormwater management, for example, resultsin
more frequent flooding that lowers land vaues. When formerly drained lands are alowed to become
wet once again they can lose aportion of their enhanced economic vaue. If thisis done ddliberately
through, e.g., awetland creation project, the affected landowners can expect financia compensation.

Findly, it must be remembered that land drainage in support of agriculture is not unique to the Dmarva
Peninsula. It is even more extensve in eastern North Carolina (more than 2 million acres affected,
Evanset al., 1996) and the Mississippi River basin (more than 70 million acres affected; NOAA,
1999). In helping to make MD farmers competitive with agricultura enterprisesin other regions,
drainage brings with it Smilar additions to and deductions from the broader “ public benefit” ledger.

The Task Force has concluded that economic arguments do not clearly resolve issuesraised by land
drainage. However, when coupled with environmental and engineering consderations, economics can
provide important additiona guidance for evauating currently available or new project options.

Environmental Considerations for Best Management Practices

Agricultura ditches have been congtructed ac- C-Curve Definition

cording to the “C-curve’ engineering guideline Ditches for drainage of field crops are designed to remove
des gned to move amaximum of 1.5 inches per runoff water from the drainage area within a 24-hour period
day of rainfall off theland. To the extent that following an ordinary rain. Drainage curves were developed

. . . L . for aparticular areato determine the flow rate. These
land drai nage st Ctly adheresto this gu deline, it curves are based on the climate, soils, topography and

is viewed as functioning counter to MD’s com- agriculture. In the northern region of the U.S. there are four
mitment to nutrient and sediment load reductions, drainage curves (A, B, C, D). The C curveisfor basic

- drainage for grain crops. C curve drainage removes
wetland protection, and watersned management approximately 1.5 inches of rain within a 24-hour period.
made under the Chesgpeake Bay and Coastal
Bays Programs and reaffirmed in Chesapeake
2000. Efficient drainage and zero environmentd
impact are extremes on a continuum (Fig. 6). The Task Force sought testimony by expertsin an
attempt to find best management practices (BMPs) that would establish points in between.

The research literature on land drainage is both diverse and sparse, especialy with reference to the
Demarva Peninsula. Ditch behavior relative to nutrient and sediment trangport is heavily dependent not
only on the landscape itself but on the underlying hydrology (Fig. 7; Shedlock et al., 1999). As many
Delmarvaditches are at least 70 years old and have a history of re-engineering as well as periodic
maintenance, each functions at least in part as an unique system. In short, best drainage management is
likely to be a Ste-specific endeavor (Smset al., 1998; Bachman, Task Force presentation, 2/16/2000)
that will rely on technicd information & aleve of congderable detail. Some generdizations emerged
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from the expert presentations, however, and they are summarized here as useful guidelines for BMP
development.

Increased nutrient loads are not a consequence of land drainage, but are derived from activities
on the land that are permitted by drainage.

The perspective that ditches are conduits between land and receiving coastal waters would have no
consequence if the land were not enriched with nutrients. In the case of agriculture, there has been a
major increase in the use of chemical fertilizers and anima manure on drained landscapes. To the
extent that applications exceed crop needs, ditches become ameans of conveying the excessesto
recaiving waters. Even o, internal processing can sgnificantly reduce the amounts of nutrients reaching
the receiving waters rdlaive to inputs at the fidld edge (Evans et al., 1996). In addition to controlling
nutrient loads at the source, BMPs need to be implemented that promote “interna processing” as much
aspossible.

Sediment loads are low and episodic in properly constructed drainage.

Sediment loads increase dramaticaly during the 10-20 years following ditch congtruction (Prestegaard,
Task Force presentation 2/16/2000). But in established ditches, 90% of the sediment loss is restricted
to afew dgnificant rainfal events per year (Staver, Task Force presentation 12/15/1999). While these
loads are not inconsequentia for receiving waters, most drainage systems are not engineered to
accommodate such episodic events on the landscape. BMPs should reduce the vulnerability of ditches
to eroson and increase their ability to retain sediments as much as possible within the system following
episodic ranfdl events.

Surficial (shallow) aquifers beneath agricultural land are enriched in nitrogen relative to
background concentrations in deeper aquifers, and this enrichment finds its way into drainage
ditches.

Drainage may promote the movement of water and dissolved chemicasinto surficid groundweter

because it increases percolation through the soil and reduces surface runoff (Felton, Task Force
presentation, 10/20/1999). Drainage isaso put in place to rapidly remove excess surface
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) : in:lvlarch 2000 was SHISISRIORPRSe S gnif{Gafit:bank erasion. |
right). Theincreased sediment loads under these conditions (lower left) renders bottom habitat
unsuitable for indigenous aquatic life. Although there can be undercutting at times of high flow,
vegetated banks remaining after a proper dip-out only afew hundred yards downstream on the same
system demonstrate one best management practice that can significantly reduce bank erosion problems
(lower right). Established Operations and Maintenance procedures provide an important means of
benefitting from past experiences and current knowledge for land drainage. These benefits are readily
available to the PDAs and PWAS, but land drainage on the Eastern Shore involves a much wider scope
of players. Private landowners are especialy important. They need to have better access to the most
current information and professional assistance if they are to maximize their benefits from land drainage.
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Public Drainage Ditch Best Management Practices

Engineering Changes

In-Channel Sediment Traps - Structures that expand dimensional characteristics of a channel, for the
purpose of dowing current velocities and providing storage for transported matter including,
but not limited to, clay, silt, sand, and detritus.

Stage-Width Channels - Channels that are constructed to stimulate flood plain functions by using a
series of widened terraces at various elevations. The terraces provide expanded areas and
increased conveyance for selected flood discharges.

Weir Installation - Construction of dams within channels that partiadly or fully block outlet delivery
and force elevated water release. Design may cause out of bank flow for wetland
enhancement or retention of water for assimilation and treatment within watershed.

Water Control and Water Diversion Structures - Structures that force or divert water from one
area to other areas for use, treatment or safe removal. Weirs, channels, dams, and valves
may function in this way individudly or in various combinations.

Irrigation Design Modifications - A planned system in which all necessary water control structures
areingtaled for the efficient distribution of water derived from precipitation, reservoirs, wells,
groundwater, etc.

Water cour se Habitat Enhancement

Tolerance of Bottom Roughness and Meandering - Maximize levels of bottom roughness and
channel meandering while still achieving acceptable drainage efficiency. Increased channel
roughness and sinuousity produce lower channel flows and provide variations in flow velocities
that promote in-stream habitat diversity.

Strategic Placement of Logs, Rocks, Brush - Specificaly designed habitat conditions achieved
through installation of logs, rocks, brush, pools, runs, rapids, riffle, and ripple aress, cover, sand
bars, organic deposits, and silt or mud zones.

Shaded Riffles and Pools - Vegetation including trees, shrubs, and herbaceous plants along with
topographic variations in bank heights may provide shade source, lowering temperatures and
favorably atering flora and fauna communities.

Bank and Contiguous Habitat Enhancement

Woody Growth for Bank Stabilization - Trees, shrubs, and some grasses and herbaceous plants are
persistent due to hard fibrous structure, i.e. wood. Usually woody growth has more
substantial habitat value for cover, and provides niches for greater species diversity.

1-Sided Ditch Maintenance - Allow one side of the channel to go through natural succession
processes while performing maintenance practices from the other side. Maintenance
practices include mowing, herbicide application, tree cutting, and excavation.

Weed-Wiper Bar Technology - Herbicide application can be directed at specific plant types or
communities based upon height or location. Extended bar has wick or other contact
applicator.

Forest Buffers - An area of predominantly trees and/or shrubs located to interrupt the movement of
water, nutrients, pesticides, and dust and mitigate the effects of odors, noise and undesirable
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flow water whereinfiltration rates are dow. In the Chesgpeake Bay coastal plain where topography is
flat and percolation increased, groundwater contributes 60-70% of the total annua stream(Phillips et
al., 1999). Although this groundwater has a resdence time of 6-12 years (Fig. 7), most drainage
projects have been around long enough to have their ditches enriched with nitrogen compounds.
Effective BMPs are needed to address both the source of nitrogen and the interna processing
necessary to reduce its load to receiving waters.

Excess phosphor usin agricultur al Nutrient Stream Shallow aquifer Ditch
soils of the Eastern Shore contrib- | total nitrogen 1.0
utes to elevated phosphorus con- [
. . . . nitrate 0.6 2.0 4.0- 50
centrationsin drainage ditches.
ammonia 0.1 <1.0
Becauise phosphoroustendsto bind | | phosphorus o1 0-17

to soil particles under oxidizing con-
ditions, leaching of phosphorous into | Phosphate 0.02 0.01-005

shdlow groundweter is minimal and

. Background nutrient concentrationsin selected aquatic environments
phosphorous movement from fields (Bachman, Task Force presentation 2/16/2000).

occurs predominantly in surface run-

off (Staver and Brindfidd, 1994). Repeated fertilization with phosphorous-enriched anima manure has
increased soil phosphorous to levelswell in excess of those needed for maximum crop production in
many regions of the Maryland Coastd Plain. Thisincreases the potentia for export of soluable
phosphorous into the drainage system. Because it may take decades to diminate excess soil phospho-
rus, and because there are additional sources of phosphorus from groundwater sources (Simset al.,
1998), BMPs are needed to promote interna retention of this compound within the drainage network.

There are fundamental differences in nutrient movement between drainage systems that handle
surface runoff and those designed to lower the water table.

Systems that have been congtructed smply to move water off the land include farm ditches, road
ditches, and sormwater management conveyances. They do not interact directly with the underlying
aurficid aquifer and are instead most strongly influenced by seasond and episodic rainfdl events.
Systems engineered to drain the land, such as the Pocomoke drainage network (Prestegaard, Task
Force presentation 2/16/2000), actualy lower the water table and therefore directly interact with the
underlying aquifer. Nutrient loads in these systems are most strongly governed by base flow. They
exhibit less seasona pattern and may be responsible for at much as 50-70% of nutrient loads to
recaiving waters, especidly in winter when soils are recharging and there is less surface runoff (Sms et
al., 1998; McCoy et al., 1999; Phillips, Focazio, and Bachman, 1999; Shedlock et al., 1999). This
base flow will be extremedy difficult to address through BMPs, at best, perhaps a 50% reduction in
nutrient loads could be redigtically expected (Felton, Task Force presentation 11/27/1999). This ill
exceeds the 40% load reduction committed under the Chesapesake Bay Program and is sufficient to
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expectanesslil impravemephintthe quality of recaiving waters (Evans, Gilliam, and Skaggs, 1996).
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Practices designed to slow the transport of water across a drained water shed will allow natural
processes to take effect that can reduce nutrient and sediment |oadings to the receiving waters.

BMPsthat dow the transport of water (Fig. 8) can reduce the volume of water discharged as aresult
of evaporation and uptake and transpiration by plants (evapotranspiration) (Lowrance et al., 1995) .
Sediments tend to settle out as water movement dows. During the growing season plants take up and
sequester nutrients; rotting vegetation in the sediments consumes dissolved oxygen and creates

conditions favorable for nitrogen loss to the atmosphere through denitrification (McCoy et al., 1999).
Retention of sediments will aso tend to retain particle-bound phosphorus, athough phosphorus release
isfavored in the absence of oxygen (Smset al., 1998; Bachman, Task Force presentation 2/16/2000).
Even the vegetation present in the ditch prism can dow water movement, sequester nutrients, and
reduce sediment loss during the warm months (McCoy et al., 1999; Prestegaard, Task Force
presentation 2/16/2000).

While adoption of BMPs can reduce nutrient and sediment loads delivered by a land drainage,
far greater reductions will be realized by practices that keep nutrients and sediments from
entering the ditchesin thefirst place.

Successful implementation of agriculturad BMPs and compliance with the MD Water Quaity Improve-
ment Act of 1998 can be expected to reduce nutrient and sediment |oads that drainage systems can
potentialy transport to coastal waters. Much more aggressive water table management isdso being
field tested and adopted (Fig. 9). In eastern North Carolina, for example, there were more than 2,500
water control structures, affecting drainage systems on 150,000 acres, ingtaled by the summer of 1989.
The purpose of these carefully monitored systems is both to increase the efficiency of nutrient use by
crops and improve drainage water quality (Evans, Gilliam, and Skaggs, 1996).

Exclusive focus on routine maintenance by mowing, spraying, and woody growth removal
prevents the recovery of stream habitats on drained lands.

More than 60% of MD headwater streams are impacted by habitat degradation and exhibit concomi-
tant declines in fish community biodiversty (Roth et al., 1999). Stream habitat improvement includes
an increased presence of woody debris, bottom structure, and shading (Lowrance et al., 1995).
BMPs that include one-sided mowing and an increased tolerance for the presence of woody growth
aong PDA/PWA easements could be beneficiad changesin routine. Such BMPs gppear to have afar
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Figure 8. Examples of best management practices (BMPs). Lack of dipping permits luxurious growth
of vegetation in ditch itself, which slows water transport and allows additiona time for sedimentation and
internal nutrient processing. Example (upper left) isthe Aydelotte PDA main (locator map left circle).
Salisbury, MD, has used public lands (upper right) to construct retention ponds that expand to hold more
water during heavy rainfal as part of improved stormwater management (locator map middle circle). On
Birch Branch PDA (middle right, locator map right circle) a series of weirs have been constructed to re-
establish grade and dow water movement. DE has purchased innovative weed-wiper bar equipment
(lower left, right) that selectively applies herbicides to control woody plant growth without broadly
disturbing other bank-protecting plants. Another BMP practice, 1-sided ditch maintenance, isillustrated in
the top photographs of Fig. 5.
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Figure 9. The Sockorockets Tax Ditch, DE, was originaly constructed in
1973-1974. The project was re-engineered in 1995-96 as a comprehensive,
watershed-oriented endeavor to construct wetlands, restore wildlife habitat,
and minimize clearing as part of drainage maintenance. Insertion of boardsin
water control structures (top right) allow water table to be raised during
winter, flooding natura wooded non-tidal wetlands (above left). The hydric
nature of the resulting soils is shown by the development of cattails, as do the
health of sweetgum and red maple trees in the neighboring woods (lower
right). The project dso employs 1-sided ditch maintenance on the northern
side of the easement (lower |eft) that includes tolerance of larger trees; both
providing significant shading to the system’s outflow waters. This project was
not easy to implement; it required extensive landowner negotiations and
considerable cost to state agencies. The result, however, has been a net
increase of tillable acreage on alandscape that previoudy had failed to drain
adequately for farming.
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A watershed perspective is absolutely necessary.

Loca “C-curve’ drainage need not gpply at the scae of the entire watershed. It may be possible to
dow trangport through parts of the system by diverting weter or alowing it to Soread out without
Sgnificantly affecting necessary drainage upstream (Smset al., 1998). At the present time, limited
funding contributes to this lack of perspective and encourages the ingtalation of isolated BMP struc-
tures. These may have loca significance, but studies on the German Branch watershed indicate they
are generdly ineffective because their contribution is generadly overwhelmed by problems with the larger
system (Primrose et al., 1997). BMPs that adopt this perspective can use water control structures not
only for water table management but aso to divert runoff into exigting or restored non-tidal wetlands.
The Task Force Chair was shown cogent examplesin Maryland and Delaware as to how this potentia
could beredized (Figs. 9 and 10). All have required subgtantia infusion of additiona funding through
the creative use of available state and federa resources and agriculture cost-share programs such as the
Conservation Reserve Enhancement Program (CREP) and Environmental Quaity |mprovement
Program (EQIP). The Task Force members agree that a watershed perspective ultimately will resolve
the perceived contradiction between land drainage and water quality that presently exids.

Concluding Observations

Drainage has been and continues to be closdy associated with land use by human society. On the
Delmarva Peninsula, that use has been primarily, but not exclusvely, for agriculture. Therdationshipis
such that changes in the extent of drainage can be expected to cause or reflect changesin land use. As
an example, Denmark, where gpproximately haf of the country’s 39,000 miles have been channdlized
snce at least 1800, has embarked on a massive program of stream restoration. But agriculture now
employs less than 5% of the Danish workforce (Iverson et d., 1993). Effortsto preserve farming asa
way of life on the Eastern Shore must recognize the sgnificance of land drainage to this endeavor.
Outsde of the agricultural community, few citizens actualy understand the origins, purpose, and
sgnificance of land drainage.
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The environmenta consequences of drainage, plus the overta
and-stormwater management, argue that land drainage can nogo
; orce grembers would go furthiges
jversely‘affeciediy it. The Ta

&% groups to

e

Figure 10. A smal watershed based drainage prolect on the Hubbard-Cohee PDA M D CREP funds
are used to widen the original 10-ft buffer to 35 ft (upper left) with additiona erosion protection. EQIP
and Clean Water Act Section 319 funds are used to create the heart of the project, a water control
structure at an earthen dam across the drainage (upper right) that diverts most flow into neighboring
wooded wetland (to I€ft in picture, middle right). Red maples(lower right) bespeak the hydric nature of
the soils being maintained by the project. At time of visit (7 March 2000) the ditch below the earthen dam
was completely dry despite the presence of running water in the ditch upstream.
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Task Force Recommendations

The PD Task Force members are convinced that land drainage must now be gpproached in amulti-
objective context that will meet, as much asis possible, the socid, economic, and environmental needs
Gf the peopl 9of Maryland. The recommendatlons that follow ha/e been deve oped as guiddines for

ey: maker s should acknowledge the need to protect the economic well-being of people
- whotepend on effective land drainage while at the same time protecting and enhancing
wIE L "theJangronment that is affected by public ditches. The objectives to be balanced are
e efttglent drainage of land for farming, forestry, development use, and public transporta-
‘_tlon, while also as much as possible reducing nutrient and sediment export and enhancing
_ﬂ._.fstream and riparian habitat for living resources.

IheIai_Eoroe-beﬁéveﬁ it is possible to maintain functiona drainage a the leve of the farm field or
loca development while reducing net nutrient and sediment export through BMPs esawhere in the
same watershed system. Thislarge-scale perspective is asimportant to each of the following recom-
mendations asit is to Recommendation #1. Without calling for specific changesin the authority or
respongbility of the PDAs, MDA, or the NRCS as defined by State and federa law with reference to
drainage management and assstance, the Task Force is convinced that a watershed perspectiveis
dready dtering the way ditching is managed on Maryland' s Eastern Shore and that this change will
continue with the implementation of its recommendations.
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Recommendation #2.

The “ on-the-ground” balance of objectives should reflect site-specific conditions as well
as overall watershed management goals. Ste-specific conditions involve physical,
biological, and economic factors. Thereis need to identify, site-by-site, opportunities for
slowing the rate of water flow and improving habitat in and near public drainage ditches
without creating uncompensated costs for landowners who depend on public drainage.

Both the “Desgn” and “Maintenance’ subroups have identified actions that could be adopted in aSite-
specific manner as part of a comprehensve watershed management plan. At the present state of
knowledge these actions are not new, but their adoption in this context would be a significant departure
from past practice in Maryland.  The guiding principle is, where possible, to reduce “ C-curve”’
drainage by retaining water on the landscape for longer periods of time overdl. This promotes nutrient
transformation and retention through chemical and biological processes, sediment deposition as
opposed to transport, and increased water |oss to the atmosphere through evapotranspiration. The
Task Forceis epecidly interested in the potentia of using water control structures, not just for water
table management, but aso for the diversion of water from ditches into neighboring habitat to cregate,
restore, or expand exigting wetlands. Thisisaform of drainage weater remediation that can remove
excess P by chemicd precipitation, promote denitrification and N uptake by plants, and reduce water
volume by transpiration and increased groundwater recharge. Engineering changes such asthese can
help reduce nutrient loadings from ditched landscapes as cdled for by commitments made under the
Chesapeske Bay and Maryland Coastal Bays Programs. Watercourse and bank and contiguous habitat
actions aso support the sate’'s Green Infrastructure initiative in which critical habitat hubs are
connected by bio-corridors that can be comprised, in part, by ditch rights-of-way. Such watershed-
scae endeavors require an inventory of ditching relative to habitat infrastructure, atask best carried out
through GIS analyss. In most cases, landowners would have to sacrifice some productive land for the
sake of habitat improvement. No such endeavors must be undertaken without gppropriate cost-sharing
or other form of compensation.

Recommendation #3.

I mplementation of the recommended obj ectives should involve the application of best
management practices (BMPs) that are based on the most recent results of scientific
research. Continual research on drainage design and maintenance methods is essential
to further management improvement of public drainage. Therefore, such research and
technical assistance to apply research results should receive active support fromthe
Sate of Maryland. BMPs should incor porate the best achievable methods to reduce
nutrient export and increase habitat quality.

The“Rdaionships’ subgroup specificaly identifies the need for more research on nutrient reduction,
sediment trangport, and aqutic habitat improvement on ditched Delmarva landscapes. Research is
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necessary both to understand the Site-specific behavior of individua ditched watersheds aswell asto
identify principles that could guide BMP implementation on a mgority of sysems on the Ddmarva
Peninsula. The “Maintenance’ subgroup notes the importance of adopting BMPs designed to minimize
nutrient and sediment transport and calsfor field-testing to prove their effectiveness. Studiesare dso
needed on improved ditch design and Strategies to prevent sormwater overloading as aresult of
development. Both groups recommend research leading to the development of indices that incorporate
factors such as water qudity, animd populations (wildlife, fish, and benthos), economic benefit, and
qudlity of life on ditched land. Indices would then be used as part of long-term monitoring and
assessment of dischargeinto and from public drainage systems. With research generating improved
practices, gppropriate Saff support for the technica agencies will be necessary to educate landowners
and loca government officids on theair implementation. Broader public educetion efforts are dso
recommended to inform al landowners about the loca and downstream effects of ditch maintenance.
Findly, as BMP adoption will incur added costs to landowners and may take agriculturd land out of
production, research is needed to estimate the funds necessary to underwrite appropriate long-term
assstance programs including, but not limited to, cost sharing, tax credits, and tax incertives.

Recommendation #4.

Within the next six months the State should create an interagency public drainage
coordinating group, to be chaired by a designee of the Secretary of the Department of
Agriculture with representatives from Public Drainage Associations (PDASs) and Public
Water shed Associations (PWAs) and from each of the Governor’s Chesapeake Bay
Cabinet agencies. The mission of this group will be to promote and encourage the

following:

b) Review existing state guidelines and practices to ensure consistency with recont
mendations made by the Public Drainage Task Force;

) | dentify needed research, devel opment, demonstration, funding, and technical

assistance related to the general implementation of BMPs for public drainage;

d) Establish guidelines which incorporate BMPs for use in the redesign and mainte-
nance of public drainage systems,

e) Cooperate with federal agencies to support State of Maryland objectives; and

f) Coordinate, across Sate of Maryland and federal agencies, the effective and
timely review of permits for drainage redesign and maintenance efforts.

Task Force members observe that there is no inherent provision for forma, recurrent dia ogue about
public drainage among state agencies, landowners, and other affected parties. The current procedure
for PDA Operation and Maintenance Plan review involves some agencies only a the stage of find
approva. A watershed approach to BMPs requires a dialogue that extends beyond the traditional
purview of PDA/PWA and locd jurisdictiona management and involves al pertinent agencies as
collaborative partners. The recommended public drainage interagency coordinating group would
provide for such didogue in matters such as identification of projects where BMP adoption would have
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maximum potentid effectiveness and public benefit, procurement and prioritization of financid
assstance for BMP implementation, and technica review of recent research for its potentia in
advancing existing BMPs for maintenance habitat improvement on ditched land. It will be especidly
vauable in prioritizing and coordinating large-scae environmental programs on the Delmarva Peninsula,
such as those proposed in the recent Feasibility Study conducted by the U.S. Army Corps of
Engineers. Existing PDA/PWA adminigration is to continue undtered, asis the provison of technical
support through the NRCS, the public drainage interagency coordinating group will not require legd
oversght to carry out its function in public drainage management. However, by collectively reviewing
and establishing consensus-based management objectives and funding priorities, the interagency
coordinating group would promote the alocation of funding where it would have the most potentia
benefit to landowners, the watershed environment, and citizens of the Eastern Shore.

Recommendation #5.

In recognition of the potential public benefits of reliable maintenance efforts that are
based on BMPs, Sate and federal funds should be provided to augment local revenue for
maintenance for Public Drainage Association (PDA) and Public Water shed Association
(PWA) ditches, to incorporate into their maintenance and redesign efforts progressive
outcomes such as reducing nutrient transport, reducing flow, and habitat improvement.

In FY 1999, NPS-319 funds were available for limited ditch operation and maintenance with the
understanding that the monies would only be avallable for BMP implementation. Recommendation #5
fully supports this MDA initiative but goes further by including other potential sources of State and
federa funding regardless of agency source. Prioritization of projects, identification of funding sources,
and recommendations for implementation will be the respongiility of the interagency public drainage
coordinating group (Recommendation #4). Funding can range from matching of revenuesraised by
PDAS/PWAs and loca jurisdictions to complete project support. The “Relationships’ Group
recommends that a diding scale be devel oped that relates the proportion of State support to the scope
of citizen benefit anticipated to result from any given project.

Recommendation #6.

In keeping with the State of Maryland vision for Smart Growth and in compliance with
existing laws and regulations, the State should place the burden of costs required for
altering public drainage, such asincreased costs of maintenance, on to the devel opers of
property to be drained. Alterations would include up-stream and downstream stor m-
water features (structural and non-structural) to accommodate devel opment and
mitigate expenses.
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Although the implementation of practices in accordance with Maryland' s new Sormwater Manual will
increase loca water retention times and promote groundwater recharge as opposed to surface runoff,
the fact remains that the cumulative effects of development on a given watershed have the capecity to
overload apre-existing system originaly designed for agriculturd drainage. The “Desgn” subgroup
srongly recommends that developers be held financidly accountable for the implementation of
downstream BMPs (e.g., multi-stage channel design modifications) necessary to accommodate any
increased stormwater discharge rates. It is most desirable, of course, to ensure that anew devel op-
ment project with plans to discharge into a public drainage system adopt stormwater management that
retainsthe origind (pre-development) discharge rates. If elther of these requirements cannot be met,
the development should not be permitted to go forward. The Task Force recommends that the
Governor’s Smart Growth subcabinet examine the legd badis of regulating development under these
consderations and that, if necessary, legidation be changed or new legidation introduced to provide for
the appropriate regulatory authority.

Recommendation #7.

Water shed management goals must be consistent with the goals of hon-point source
nutrient load reduction efforts. The State of Maryland should maintain, and, as feasible,
enhance and expand current efforts to control nutrient losses from source areas, both
public and private lands, before the nutrients reach public drainage ditches.

The Task Force recognizes that the prevention of nutrient introduction into public drainage ditches is of
critica importance in reducing nutrient loads to Maryland' swaters. This problem is being addressed in
consderable detall by many other programs, including Tota Maximum Daily Loads (TMDLS) under
the federad Clean Water Act and the Maryland Water Quaity Improvement Act of 1998. While
nutrient management on the landscape is not directly related to the misson of the Public Drainage Task
Force, the “Relaionships’ subgroup recognizes the sgnificance of these Recommendationsto al such
endeavors. To the extent that nutrients do enter ditches by runoff or through interaction with surficia
aquifers (Smset al., 1998), maintenance BMPs may dso enhance water qudity. Ditch maintenance
and redesgn BMPs should be taken into account when prioritizing the dlocation of funds not normally
associated with public drainage programs, including Nutrient Management, Wetland Reserve,
Consarvation Reserve Enhancement Program (CREP), Environmental Quality Improvement Program
(EQIP), and land preservation.
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Appen
dix A

Choptank River
Tributary Strategy Team c/o UMCES
P.(3. Box 775
Cambridge, Maryland 21613

} July 1998

The Honorable John B, Grillin

Sevretary

Maryland Department of Natural Resources
Tawes Stave Office Building

3B Taylor Avenue

Annapolis, Maryland 21401

Diar Sveretary Golfin:

I would like Lo thunk you for the opportunity to meet with you and the other members of the Bay
Cubinet oo 16 April. At thal mecling, [ brought up a canflict between the use and effectivencss
of public drainage systems and the need for more forested buffers. Sinee the Choptank Teibulary
Strategy Team bas heen struggling with this issue {or well over a year, we look foreard to vone
help.

The Teamn recopnizes the imporance of forested buffers and is pleased that the Chesapeake Bay
Program Executive Council has adupted a poal of 2010 miles of new forested bulfers by the year
2014, We ore even more pleased that the Federal and State governtments, along with the
Chesapeake Bay Foundation und Ducks Unlimited, have pledged ro spend $200 million dollars
aver the next fifteen years implementing the Conservation Reserve Enhwncement Program which
will compensale landowners for planting forest and grass buffers and restoring wetlomds.

While we understand the importance of healthy buffvrs in slowing down water, taking up
nutrients, and helding scdiment, the Team also recognizes the need for proper drainage of our
land to cnsure that farms and roads remain drained and septic syslems work properly, Regardless
of how, why, or who helped implement the public drainage systems, the reality |5 that we now
rely on these systemns for a varicty of purposes. In Caraline Coumty alone hundreds miles of
public drainage systems, which could also be considered "hlus-ling” sircams, are presently being
maintained to move watet from our land to larger sub-teibutaries,

We do not simply wish ta burden you with (his conilict without suggesting a way W resobve it
Therelore, we recommend thal your Diepartment consider developing, in consultation with the
Departments of Agricullure and Bavironment, represcniatives from county roads and health
departments, and State Highway Adminisiration, a variety of best management practices ((AMP's)
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for these channelized streams so that they can continue o maintain praper drainage while
providing the maximum environmental benclits. We also ask that you consider regional
differences in topography when developing these BMP's.

Thank you for your consideration and please let me know if [, or any other Choptank Team
member, may be of assistance to you,

Sincetely,
71
d urries Lewis .
Chair, Choptank Tributary Strategy Team

B Chesapeake Bay Cabinet
Mr. Bill Bostian, Chair, Lower Eastern Shore Tributary Stratepy Team
Dr. Ray Fomey, Chair, Upper Eastern Shore Tributary Strategy Team
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Appendix B

ase_ 0F
Trarris M. Glendeing lahin B, Ciriffin
P S— Maryland Department of Natural Resources -,
Kt leen Kenedy Trwnasid Tawea Stote Office Buildmg Stanley B Arthur
£ Cromemce Anapolis, Mayland 21401 Bepuy Sasetary

hine 29, 1599

D, Wayne Dell

UMDACenter for Environmental Scicnec
PO Do 775/

Cambridge ) X 2] (r] 3

Drear Dr

"c"l;‘ vou may he aware, the Choptank Tributary Team has raized several issues related we
the management of Mubiic 'h':!ir'u:ig-: Asaneiations (PTIAY. The Choplank Tesn recommeided
that a group representing State and Counly agencies convens o discuss these 1ssucs and develop
recommendations for a varicoy of PI2A host management practiccs that reflect the noed to
maintain proper drainags while providing the maximum cnvivonmental benefit.

The Governor's Bay Cabinet has sccepted the Choptank Tributary Team's
recommendation for establishing a PIdA Tuask Ferce, and would now like to move forward and
miake 1k a reality, A broad based group, mcluding representatives of mdividual F1xAs and local
environmental groups will allow a greater exchange of information and ideas, greater huy-in of
proposed solutions, and better consideration of issuce beyond those associsted with PLA
operations and mamlenance.

Az Chair of the Bay Cabinet, [ wont to thank you for agrecing to chair the ‘T'ask Force that
will address 1ssues related to the managoment of PDAs. The first charge of the Task Force wall
hee 1o develop & mission anid ohjzotives, and determine whether other worlorroupa may be nosded
I'he Task Force will he assisted inits sarly worle through facilitation by . Philip Favero of the
University of Maryland Institute for Governmental Services. The date of the first meeting 15 July
3, 1995 You will be notified by separate letier of the hme and location for the firat mesting,

Telepkane:
LRI TTY for the Doafe ['1 L 2605235
Tull Free #: 1-377-620-R00ME
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Dr. Wayne Bell
Page Two

I hope yau will accept the Bay Cabinel’s invitation to join the PDA Task Force, and assist
us i creating a “win-win” situation for the agricultural communily and the environment of our
Fastern Shore. This is a very important issue, and your perspective and participation is greatly
needed. Thank you in advance for your support. Please feel free to contact Ms. Christy Mills at
4]10-260-89588 should you have any questions.

il]l:l.fl;l.

r

L1
LY

y /h_'/,,.
Johy' I Gniffin, Chair
Gofernor’s Bay Cabinet

ce: Donald F. Boesch
Thomas A. Fretz
Tiorma 1. Jacohs
Ronald Krcilner
Jane Nishida
Henry A. Virts

Enclosure
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Appendix C

Mission Statement
Public Drainage Task Force

The misson of the Public Drainage Task Forceis, in generd, to attempt to identify ways and means of protecting the
well-being of people who depend on effective public drainage — farmers, residentia property owners, highway users,
and others—while at the same time atempting to protect and enhance the environment that is affected by public
ditches.
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I ntroduction

This bibliography has been compiled by the Watershed Restoration Division and Maryland Geological Survey of the Maryland
Department of Natural Resources for use by the Maryland Public Drainage Task Force. References on the subjects of agricultural
drainage, river engineering and management, riparian corridor management, water quality, plants, and wildlife areincluded in the
compilation. The referenced documents include government guidance documents, scientific papers and reports, and text books.
Many of the referenced documents have been annotated to provide a brief summary of the content or findings that might be relevant
to the Task Force. Where possible, internet links have been provided with the references. The purpose of this compilationisto
provide background information that can help guide the Task Force members, natural resource managers, and the agricultural
community to the literature that is available on a broad spectrum of topics related to river corridor management.
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Channel Hydraulicsand Engineering
Andrews, B. 1993. Roughness of vegetated and compound channels, areview. Prepared by Philip Williams and Associates,
Ltd. for the Alameda County Department of Public Works.

Gordon, N.D., T.A. McMahon, and B. Finlayson. 1992. Stream Hydrology: An Introduction for Ecologists. John Wiley and
Sons. New York, New Y ork.

Kdler, EA. 1976. Channelization: environmental, geomor phic, and engineering aspects. In: Environmental Geology. John
Wiley & Sons, Ltd.. New York, New York.

Osman, O.M. and C.R. Thorne. 1988. Riverbank stability analysis. Journal of Hydraulic Engineering, Val. 114, pp. 134-150.

United States Department of Agriculture, 1977. Design of open channels. Technical Release No. 25. U.S.D.A. Soil
Conservation Service, Engineering Division, Washington, D.C..

Channdization

Annotated Code of Maryland. 1984. Article 25, Sections 52-121H. The Annotated Code on County Commissioners contains
the existing legal guidelines for the establishment and rights of public drainage associations within the state of Maryland.
Thislaw includes a description of the organization, funding, mai ntenance, documentation requirements for public drainage
associations.

Grumbles, B. H. 1991. Section 404(f) of the Clean Water Act: trench warfare over maintenance of agricultural drainage
ditches. William Mitchell Law Review; Vol. 17. No. 4. Summary: This paper discusses two clauses of Section 404 (f) of the
Clean Water Act that serve as guidelines for land owners seeking exemption from filing permits for drainage ditch

mai ntenance. The author highlights the restrictions on permit exemptions that create controversy between environmental,
agricultural, and private property rights advocates. Following a summary of the provisions of Section 404 (f), related
regulation and possible implications on land owners are discussed. The related documents discussed include: Regulatory
Guidance Letter 87-7, the U.S. Army Corps of Engineers’ 51/51 guideline, Section 307, and two Minnesota lawsuits concerning
ditch maintenance. The analysis of these legal trends points out a concern that exemption rights may be lost in the futureif
the regulatory agencies do reform the current restrictions to permit exemptions.

Krohn, Tim. 1999. Thegreat debate: drainage systems. Land and Water. March/April 1999, pp. 36-39. Summary: The floods
of 1993 and 1997 along the Minnesota River Basin have sparked controversy over the current agricultural drainage practices.
Related issues are summarized in this paper. Several studies on drainage issues related to flooding suggest that field tile can
reduce the flooding impacts. Standing water in wetlands may prohibit the absorption of flood waters. Alternatively, some
contend that drainage upstream causes flooding further downstream. Lawsuits against drainage proposals have been filed
and new methods of managing drainage systems are being developed. Some ideas presented to control drainage include:
installing holding ponds or wetlandsto store water, filter water before it reached tiles, and implementing controlled drainage
where some tile drains can be shut off to allow othersto drain first. According to the author, a solution can be reached, but
requires an adjustment of attitudes and an examination of the scope of the drainage problem (including urban runoff). The
articleincludes a side table of a 1989 study in Louisianathat shows the difference in chemical runoff between drained plots of
land and undrained plots.

van Vuuren, W. and P. Roy. 1992. Wetland preservation or drainage for agricultural development. Paper presented at the
“1992 International Winter Meeting sponsored by the American Society of Agricultural Engineers,” December 15-18, 1992,
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Nashville, Tennessee. December 1992. Summary: A case study on Lake St. Clair in Ontario, Canada examines the costs and
benefits to alandowner and to the public of either preserving wetlands or converting them to agricultural use. In the study,
there was a discrepancy regarding the marsh size, diked and un-diked marshes, and the related social and private benefits.
The analysis found that net preservation benefits exceeded net agricultural benefits; however, net agricultural benefits
exceeded net preservation benefits from the land owner’s point of view. This discrepancy was mainly dueto the inability of
the land owner to charge for many of society’s benefits. Through this valuation, preservation of the wetland is the best land
use for society while conversion to crop land is the best use of land to the owner. The authors contend that the conflict can
be resolved with policy intervention. For example, drainage subsidies and property taxes currently influence the best use
decisions of land owners. The public’swillingnessto pay is dependent on their awareness of benefits.

Economic Condderations

Chesapeake Bay Program. 1998. Economic benefits of riparian forest buffers. Order from: U.S. EPA Chesapeake Bay Program.
410 Severn Ave. Suite 109. Annapolis, MD. 1-800-968-7229

Klapproth, J.C. 1998. Selected bibliography of alter native income opportunitiesin riparian areas. University of Maryland
Cooperative Extension. Wye Research & Education Center, Queenstown, MD 21658.

Koehn, S. 1997. Riparian forest buffer establishment programs. Maryland Department of Natural Resources Forest Service.
Streambank Stabilization

Lynch, L. and C. Brown. 1999. Landowner decision-making about streamside buffers. University of Maryland Department of
Agricultural and Resource Economics. Policy Analysis Report 99-04. College Park, MD.

Lynch, L. Economicsof riparian buffers. (In review). Maryland Cooperative Extension Fact Sheet. College Park, MD. pages.

Norton, G.A. and JA. MacMillan. 1970. Drainage maintenance and reconstruction costs and benefits: a water shed analysis.
Canadian Journal of Agricultural Economics, Vol. 18, No. 3, pp. 56-63. Summary: This paper provided an analysis of the
benefits from Federal, municipal, and grower investmentsin drainage in Manitoba, Canada. The study used 1959-1969 data.
The study used simple OL S to look at important variables that determine value of local drainage investment. For the cases
investigated, municipal drainage and farm size were found to be the greatest determinants of value for investing in local
drainage.

Palmquist, R.B. and L. E. Danielson. 1989. A hedonic study of the effects of erosion control and drainage on farmland values.
American Journal of Agricultural Economics, Val. 71, No. 1, pp. 55-62.

Summary: This paper demonstrates the use of a hedonic land value study to determine the value of erosion control and
drainage using data from North Carolina. Land values can be significantly affected by both potential erosivity and drainage
requirements. The estimates from the eval uation were compared with estimates derived from avariety of other types of
studies. The evaluation of 252 North Carolinaland parcels sold in 1979-1980 found that farms with drainage valued 34% ($400
- $500) per acre more than non-drained using the specified criteria. Soils characterized by good and poor drainage were
included in the study areas. In poorly drained areas, both drained and non-drained conditions were represented. The cost to
put in drainage ranged between $80 - $400 per acre, depending on site and other existing drainage infrastructure. A hedonic
model was used to derive these prices.
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Pavelis, G. A. (no date). Economic survey of farm drainage. Summary: This survey givesthe density of drained land in the
United States, the number of known drainage enterprises, and information provided by the Bureau of the Census, Census of
Drainage Organizations. The survey provides an estimate of land drained in the U.S. from 1855 to 1985. The estimate of land
drained between these dates is determined by tallying the area where drainage improvements have been installed at |east
once, the amount of land drained (determined by the Bureau of the Census), and considering the service life and condition of
farm drains. The presence of wet soilswas also considered in predicting land likely to be drained. There have been two major
trends noticed in this survey since 1960. First, individual farmers are controlling more of the drainage than drainage
organization. Second, subsurface drainageisincreasingly used over open ditch drainage. The investment in drainage
includes the additional land put into agricultural use, the equipment needed to facilitate drainage, and the cost of construct-
ing and maintaining collection and disposal structures. The economic cost of drainageisjustified if installation cost isless
than the expected benefit and if crop yield benefits exceeds operation and maintenance expenses. The costs of specific
methods of drainage are cited and the historic trendsin drainage investments are outlined in this paper. In 1985, the status of
drainage was such that federal financial support was declining. Other trends are also described. In the humid east, land
drainage affects production values and real estate values. The economic feasibility of drainage changes case by case, year
by year. Inthearid West, irrigation and drainage are considerationsin the economic eval uation of land drained.

Skaggs, R. W. and A. Nassehzadeh-Tabrizi. 1983. Optimum drainage for corn production. Technical Bulletin. #274, North

Carolina Agricultural Research Service, North Carolina State University, pp41l. Summary: Thisinvestigation compared
surface vs. subsurface drainage, as well as various spacings for subsurface drainage. Scenarios considered include corn
grown on two soil typesin North Carolina. Drainage was found to be profitable over alarge range of options, with an
optimum profit occurring with spacing of 25to 40 m.

Floodplain Processes

Anderson, D.E., M.G. Walling, and P.D. Bates (eds). 1996. Floodplain Processes. John Wiley and Sons. New Y ork, New
York.

Williams, P.B. and M.L. Swanson. 1989. A new approach to flood protection design and riparian management. USDA Forest
Service Genera Technical Report, PSW-110.

Smith, S., P. Bereciartua, P. Johnson, J. Haltiner. 1999. Channel design and the for gotten floodplain. Water Resources
Engineering Conference Proceedings. American Society of Civil Engineers.

Geology

Bates, R.L. and J. A Jackson (eds). 1984. Dictionary of Geological Terms, 3'% Edition. Anchor Books/Doubleday. New Y ork,
New York.

Schmidt, M. 1993. Geology of Maryland. Cornell Maritime Press/Tidewater Publishers. Centerville, Maryland.
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Vokes, H.E. and J. Edwards. 1974. Geography and geology of Maryland. Maryland Geological Survey Bulletin No. 19.

Geomor phology

Abbe, Jr.., C. 1899. A general report on the physiography of Maryland. Maryland Weather Service, Val. 1, pp. 41-216.

Baker, V.R. and R.C. Kochel, and P.C. Patton (eds). 1988. Flood Geomorphology. John Wiley and Sons. New Y ork, New Y ork.

Denny, C.S. and J.P. Owens. 1979. Sand duneson the Central Delmarva Penninsula, Maryland and Delaware. USGS
Professional Paper 1067-C.

Dunne, T. and L.B. Leopold. 1978. Water in Environmental Planning. W.H. Freeman and Sons, Inc.. San Francisco, CA.

Hupp, C. R. 1992. Riparian vegetation recovery patternsfollowing stream channelization: a geomor phic per spective.
Ecology, Vol. 73, No. 4. August 1992. Summary: The study considered six stages of channel evolution involved in stream
adjustment. The author postulated that the type of vegetation present along the channel corresponded to the stage of
adjustment of a particular channel. The geomorphology of achannel is characterized by the presence or absence of specific
species, the stem density of the vegetation, and the average life span of the species present. The analysisof these dendro-
geomorphic trends found that: 1) Patterns of woody vegetation recovery along modified aluvia channels developin
response to - and - affect patterns of fluvial geomorphic recovery following human-induced rejuvenation. 2) Bank widening,
through mass wasting, and bank accretion are two important geomorphic processes that limit and affect woody vegetation
patterns through the course of geomorphic recovery from channelization. Thisfluvial geomorphic recovery can be described
in asix-stage model of bank evolution that depicts |landscape devel opment over time.

Keller, EA. 1978. Poals, riffles, and channelization. Environmental Geology, Vol. 2, No. 2, pp. 119-127.

Keller, E.AA. and F.J. Swanson. 1979. Effectsof large organic matter on channel form and fluvial processes. Earth Surface
Processes, Val. 4, pp. 361-380.

Leopold, L.B., M.G. Wolman, and J.P. Miller. 1964. Fluvial Processesin Geomor phology. Dover Publishing, Inc. New York,
New York.

Prestegaard, K.L., S. Dusterhoff, E. Stoner, K. Houghton, and K. Folk. 1999. A preliminary assessment of the hydrologic and
geomor phic characteristics of Piedmont and Coastal Plain streams (draft). Department of Geology, University of Maryland.
Prepared for the Wetlands and Waterways Program, Maryland Department of the Environment.
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Simon, A. and C.R. Hupp. 1992. Geomor phic and vegetative recovery processes along modified stream channels of West
Tennessee. USGS Report 91-502.

Watershed Restoration Division. 2000. Streamsof Maryland, take a closer look. Chesapeake and Coastal Watershed
Service, Maryland Department of Natural Resources.

Hydrology

Dillow, JA. 1996. Techniquesfor estimating magnitude and frequency of peak flowsin Maryland. USGS Water-Resources
Investigations, Report 95-4154.

Dunn, S.M. and R. Mackay. 1996. M odeling the hydr ological impacts of open ditch drainage. Journal of hydrology; Vol.179,
No.1/4, pp. 37-66. Summary: There are several variablesinvolved in modeling drainage at the catchment scale, which makes
hydrologic processes difficult to predict. Using asimple model to identify processes on asmaller scaleis usually more
manageable. Findingsfor small scale systems can be collectively examined to create a catchment scale prediction. Inthis
study, open ditch drainage in a hill slope systeminthe U. K. was modeled to determine the hydrologic effects of the drainage.
A physically-based hillslope model (SHETRAN) was used to model runoff volume, distribution between surface and
subsurface flow, subsurface dynamics, flow duration curve statistics, and peak flow. The data used considered meteorologi-
cal conditions, soil type, and vegetation. The model compared drained land to undrained land for three levels of drainage
(natural, agricultural, and forested) in six different slope environments. Direct surface runoff was a significantly larger
percentage of total runoff for undrained land (81%) than for drained land (53%). Undrained land exhibited little variationin
subsurface run-off throughout the year in comparison to the drained land, which exhibited seasonal variation. Flow duration
curves estimated the frequencies that the ditches changed the flow. Ditcheswere found to have negligible effects on runoff
in dry conditions. The main effects of ditches was to increase the percentage of subsurface flow entering the channel as
runoff and to increase the speed of surface runoff. The results of fine resolution simulations were parameterized and tested in
acatchment scale model of the South Tyne at Alstonin U.K.. Parameters could be calculated for ditch density and geometry
slopes within the catchment. This parameterization can only be used to model flow, not chemical transport. The results have
not been validated for this study.

Hathoot, H. M.. 1984. Total lossesfrom trapezoidal open channels. |CID bulletin - Inter national Commission on Irrigation
and Drainage. Vol.33,No.2. July 1984, pp. 81-84. Summary: The author has developed formulas to cal culate total losses from
trapezoidal open channels. Formulas measure seepage |osses, evaporation losses, channel length, soil hydraulic conductiv-
ity, and effect of evaporation on channel length. In thisreport, the formulas are introduced with mathematical explanation,
numerical example, and graphical representation.

Hunt, P. G., F.J. Humenik, and M.G. Cook. 1995. Nitrogen and phosphorousin North Carolina Coastal Plain streams. Clean
water, clean environment, 21 century: team agriculture, working to protect water resources: conference proceedings, March
5-8, 1995, Kansas City, Missouri; Vol. 3., pp. 145-148. Summary: The U. S. Department of Agriculture Water Quality
Demonstration Project in Herrings Marsh Run watershed in Duplin County, North Carolinaincluded a two-phase sampling
project to collect empirical dataon the effect of agricultural best management practices on water quality. Thefirst phase of
the project was to assess the effect of traditional agriculture practices on the watershed. The second phase was to evaluate
the effect of alternative management and landscape alteration on water quality. The results report on the nitrogen and
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phosphorous content of the water at each of the sampling sites, as well as the effects of an expanded lagoon and a created
wetland on water quality. According to the authors, the notoriety of the results of the study have led to increased
preservation of natural wetlandsin North Carolina.

Langland, M.J,, P.L. Lietman, and S. Hoffman. 1995. Synthesisof nutrient and sediment data for water shedsin the
Chesapeake Bay drainage basin. U.S. Geological Survey Water Resources Investigations Report 95-4233. Lemoyne,
Pennsylvannia.

Poff, N.L., J.D. Allan, M.B. Bain, JR. Karr, K.L. Prestegaard, B.D. Richter, R.E. Sparks, and J.C. Stromberg. 1997. Thenatural
flow regime. Bioscience, Val. 47, No. 11, pp. 769-784.

Wahl, K.L., W.O. Thomas, R.M. Hirsch. 1995. Stream-gaging program of the USGS. USGS Circular 1123.

NRCS Riparian Buffer Conservation Practice Standards

Maryland Natural Resources Conservation Service. 1999. Conservation Reserve Enhancement Program. USDA Natural
Resources Conservation Service. 339 Busch's Frontage Road, Suite 301, Annapolis, MD 21401.
http://www.md.nrcs.usda.gov/mdcrep.htm.

Natural Resources Conservation Service. 1997. USDA Natural Resour ces Conservation Practice Standard Riparian Forest
Buffer. USDA Natural Resources Conservation Service. ftp://ftp.ftw.nrcs.usda.gov/pub/nhcp/pdf/391a.pdf.

Natural Resources Conservation Service. 1998. Natural Resour ces Conser vation Service Conservation Practice Standard:

Riparian Herbaceous Cover. USDA Natural Resources Conservation Service. Conservation Practice Standard 390. 3 pages.
ftp://ftp.ftw.nrcs.usda.gov/pub/nhep/pdf/390.pdf.

Riparian Zones

Alliance for the Chesapeake Bay. 1996. Riparian forest buffers. Alliance for the Chesapeake Bay White Paper. 16 pages.
http://www.ach-online.org/forest.htm

Brown, T.C. and L andscape aesthetics of riparian environments: relationship of flow quantity to scenic quality along a wild
and scenicriver T.C. Daniel. 1991.. Water Resources Research, Val. 27, No. 8.

Chesapeake Bay Riparian Forest Buffer Panel. 1996. Final report of theriparian forest buffer panel. U.S. EPA Chesapeake
Bay Program. CBP/TRS 158/96. EPA 903-R-96-015. 8 pages. Can be ordered from: US EPA Chesapeake Bay Program Office,

-51-



49,

51

52.

PUBLIC DRAINAGE TASK FORCE
Final Report

410 Severn Ave. Suite 109, Annapolis, MD 21403, phone 1-800-968-7229 or on-line
at:www.chesapeakebay.net/pubs/155.pdf.

Chesapeake Bay Program Forestry Workgroup. 1997. Restoring a Bay resour ce: riparian forest buffer demonstration sites.
U.S. EPA Chesapeake Bay Program CBP/TRS 159/97 EPA 903-R-97-001. 48 pages. Can be ordered from: US EPA Chesapeake
Bay Program Office, 410 Severn Ave. Suite 109, Annapolis, MD 21403, phone 1-800-968-7229 or on-line at:
www.chesapeakebay.net/pubs/324.pdf.

Chesapeake Bay Program Office. 1997. Riparian forest buffersin the Chesapeake Bay water shed. U.S. EPA Chesapeake Bay
Program Fact Sheet CBP/TRS 163/97. EPA 903-F-97-002. Annapolis, MD. 4 pages.

Gregory, S.\V., F.J. Swanson, W.A. McKee, and K.W. Cummins. 1991. Ecosystem per spective of riparian zones: focuson
links between land and water . Bioscience; Vol. 41, No. 8.

Lowrance, R, L.S. Altier, J.D. Newbold, R.R. Schnabel, P.M. Groffman, J.M. Denver, D.L. Corrdll, JW. Gilliam, J.L. Robinson,
R.B. Brinsfield, K.W. Staver, W. Lucas, and A.H. Todd. 1995. Water quality functionsof riparian forest buffer systemsin the
Chesapeake Bay Water shed. U.S. EPA Chesapeake Bay Program. EPA 903-R-95-004 CBP/TRS 134/95. 67 pages. Can be
ordered from US EPA Chesapeake Bay Program Office, 410 Severn Ave. Suite 109, Annapolis, MD 21403, phone 1-800-968-
7229; or online at http://www.epa.gov/publications.htm (download to print at http://www.epa.gov/cgi-bin/claritgw?op-
Display& document=clserv:epa-cinn:4569; & rank=3& amp;templ ate=epa) Al so see: Environmental Management. Vol. 21,
pp.687-712.

McCall, J. D. and R.F. Knox. 1979. Riparian habitat in channélization projects. General technical report WO - U.S.
Department of Agriculture, Forest Service; Vol. 12. 1979, pp. 125-128. Summary: The Indiana Department of Natural
Resources, the U.S. Fish and Wildlife Service, and the Soil Conservation Service (now the Natural Resources Conservation
Service) entered into ajoint effort in 1973 to mitigate biol ogical losses resulting from the installation of county court ditches
on agricultural land. Five projectswere undertaken to reduce the impact of channelization on riparian habitat, fish, and
wildlife. The project sites utilized the following strategies to minimize habitat damage and adverse impacts on riparian and
aquatic lifgj: In Prairie Creek in Vigo County, one side of achannel was preserved as awooded swamp. Inthe middlefork of
Anderson River in Perry County, the channel was able to remain wooded. Obstructions were cleared using hand tools and
small machinery. In Rock Creek in Cass County, pools and riffles were constructed to increase fish habitat. In Rock Creek in
Wells County, maintenance was conducted on one side of the channel, banks were stabilized by rocks, and spoils were
planted with woody vegetation. In Buck Creek in Henry County, cattle were fenced out of the stream, one side of riparian
trees were | eft uncut, and the other side was planted with a grass/legume mix. Rock deflectors were used to create pools for
fish. The review concluded that these types of practices have advantages related to erosion control and the prevention of
obstructionsin the channel. In addition, the approach to mitigation emphasizes the need for biological review at proposed
channelization sites.

Palone, R. and A.H. Todd. 1997. Deter mining buffer width. In: Chesapeake Bay riparian handbook: a guide for establishing
and maintaining riparian forest buffers. U.S. Forest Service NA-TP-02-97.
www.chesapeakebay.net/pubs/subcommittee/nsc/forest/sect06.pdf or order from: U.S. EPA Chesapeake Bay Program. 410
Severn Ave. Suite 109. Annapolis, MD. 1-800-968-7229.
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Quade, H. W. 1979. County drainage ditchesin South Central Minnesota: a uniqueriparian ecosystem. General technical
report WO - U.S. Department of Agriculture, Forest Service; 12. pp. 400-410. Summary: This report addresses drainage
ditches as an ecosystem. The maps, charts, and text quantify the extent of ditching and reasonsfor artificial drainagein
South Central Minnesota. Thisisfollowed by adiscussion on the constitutionality of drainageincluding legal casesin
Minnesota concerning drainage rights. Finally, acase study in Le Sueur County concluded that the ditch studied was not a
major contributor of nutrientsto the catchment lake. The author concludes the following: 1) further empirical evidence and
documentation is necessary to facilitate careful planning in water resources management, 2) the construction and mainte-
nance of ditches should be regulated by environmental guidelines, and 3) agricultural drainage and water quality may not be
mutually exclusive in Minnesota.

Tjaden, R.L. and G.M. Weber. 1997. Riparian forest buffer design, establishment, and maintenance. Maryland Cooperative
Extension Fact Sheet 725. College Park, MD. 8 pages. http://www.agnr.umd.edu/CES/Pubs/PDF/FS725.pdf.

Tjaden, R.L. and G.M. Weber. 1997. An introduction totheriparian forest buffer. Maryland Cooperative Extension Fact Sheet
724. College Park, MD. 2 pages. http://www.agnr.umd.edu/CES/Pubs/PDF/FS724.pdf .

Tjaden, R.L. and G.M. Weber. 1997. Riparian buffer syssems. Maryland Cooperative Extension Fact Sheet 733. College Park,
MD. 2 pages. http://www.agnr.umd.edu/CES/Pubs/PDF/FS733.pdf .

U.S. Forest Service. 1991. Riparian forest buffers: function and design for protection of water resources. U.S. Department
of Agriculture Publication No. AN-PR-07-91.

Verry, E.S., JW. Hornbeck, and C.A. Dolloff. 2000. Riparian Management in Forests. LewisPublishers. New Y ork, New
York.

River Corridor Restoration and M anagement

Bilby, RE. 1984. Removal of woody debris may affect stream channel stability. Journal of Forestry, Vol. 82.

Brooks, A. and F.D. Shields, Jr.. 1996. River Channel Restoration: Guiding Principlesfor Sustainable Projects. John Wiley
and Sons. Chichester, England.

Federal Interagency Stream Restoration Working Group (FISRWG). 1998. Stream corridor restoration: principles,
processes, and practices. October, 1998. http://www.usda.gov/stream_restoration/newgra.html

Florsheim, J. and E. Andrews. 1992. A review of fluvial geomorphic principlesand their application to stream restoration.
Prepared by Philip Williams and Associates, Ltd. for the U.S. Army Corps of Engineers, San Francisco District.
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Georgia Soil & Water Commission. 1994. Guidelinesfor streambank restoration. Georgia Soil & Water Commission. Order
from: Georgia Soil & Water Commission. (704) 524-3065. Note: no copies currently available, it will be posted on the web
sometime later this year.

Iversen, T.M., B. Kronvang, B.L. Madsen, P. Markmann, and M.B. Nielsen. 1993. Re-establishment of Danish streams:
restoration and maintenance measures. Aquatic Conservation: Marine and Freshwater Ecosystems, Vol. 3, pp.73-92.

Klein, J. 1998. Sediment dredging and macrophyte harvest aslakerestoration techniques. Land and Water, Vol. 42, No. 3,
pp. 10-12.

New Y ork Department of Environmental Conservation. 1986. Stream corridor management: a basic reference manual .
Division of Water, Bureau of Water Quality, State of New Y ork.

Shields, F. D., Jr. and N.M. Aziz. 1992. Knowledge-based system for environmental design of stream modifications. Applied
Engineering in Agriculture; Vol.8, No.4, pp. 553-562. Summary: Three main types of channel modification alternatives
mentioned in this article include bank protection, channel straightening and enlargement, and levee construction. In order to
integrate environmental featuresinto channel alteration projects, a user-friendly, knwledge-based systems (KBS) can be
applied on a case by case basis. Environmental Design of Waterways(ENDOW) is one such knowledge-based system.
ENDOW is acomputer model that has been developed and reviewed to aid in the design of streambank protection structures,
flood control channels, and streamside levees. It isdesigned to be asimple, quick method of evaluating environmental goals
and engineering and institutional constraints. The user is asked a series of multiple choice, true-false, and numeric input
guestions, which ENDOW tabulates and as a result recommends an environmental feature. This technology was expensive to
develop. A survey was conducted of users of ENDOW to determine their satisfaction with the program.

Tjaden, R.L. and G.M. Weber. 1997. Soil bioengineering or streambank restoration for riparian forest buffers. Maryland
Cooperative Extension Fact Sheet 729. College Park, MD. 4 pages. http://www.agnr.umd.edu/CES/Pubs/PDF/FS729.pdf.

. 1994. Theimpact of Federal programson wetlands: areport to Congressby the Secretary of thelnterior. March
1994. Summary: The topography and hydrology of the Delmarva Peninsula (especially its wetlands) create an ecosystem that
filters sediment, fertilizer , and chemicals; retains flood waters and reduces flooding downstream, serves as areas for discharge
of ground water, and isfood and habitat for wildlife and aquatic animals. Thisreport discusses the history of agricultural
drainage of Delmarvawetlands through a general pattern of construction and development. An outlineis provided which
assesses the implications of specific legislation and programs that mandate the control of wetland resources: a) Section 621
of the Coastal Zone Act Re-authorization Amendments of 1990; b) PL-566 technical assistance for wetland drainage
consultation, mitigation, and review; c) Channel Modification Guidelines 1979; d) Conservation Options Program; €)
Agricultural Conservation Program; f)Resources Conservation and Devel opment Program; g)commodity programs; h)crop
insurance programs promoting conversion to water impoundments. A synopsis of the status of current policy on wetlandsis
followed by recommendations from the US Secretary of the Interior about future wetland policy.

. 1985. Wetland filtersfor agricultural drainage. Research Perspectives. Val. 4,No.2.,pp.12-13. Summary:
Drainage for agriculture and forestry is possibly linked to increased peak runoff and the lowering of reproductive rates of
aquatic organisms. Drainage has been linked to excess algae, lower dissolved oxygen, and silt deposition in the adjacent
waterways. To addressincreasing concern about this connection, the governor of North Carolina appointed a Coastal
Watershed Management Task Force. The Task Force recommended pumping agricultural drainage water through a swamp to
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remove sediment and nutrients. According to field studiesin Dare and Tyrrell Counties, swamp filters remove 80 percent of
the sediment and 75 percent of the phosphorous from agricultural drainage waters. Water quality, electrical conductivity, and
pH were improved by the swamp filter. The team that conducted this research is devel oping waysto test the depth, speed,
and duration of water flow in the swamp.

River Ecology

Alan, JD. 1995. Stream Ecology: Structureand Function of Running Waters. Chapman and Hall. New Y ork, New Y ork.

Angermeier, P.L. and JR. Kan. 1984. Relationship between wood debrisand fish habitat in a small warm water stream.
Transactions of the American Fish Society, Vol. 113.

Dolloff, C.A. 1994. L arge Woody Debris - the Common Denominator for Integrated Environmental M anagement of Forest
Streams. Pages 92-108. In: Cairns, J., T.V. Crawford, and H. Salwasser (eds.). Implementing Integrated Environmental
Management. Virginia Polytechnic Institute & State University, University Center for Environmental and Hazardous Materials
Studies. Blacksburg, VA 24061. Also see: Dolloff, C.A. and J.R. Webster. 1999. Particulate Organic Contributions from
Forests and Streams: DebrisIsn't So Bad. In: Verry, E.S., JW. Hornbeck and C.A. Dolloff (eds.). Riparian Management in
Forests of the Continental Eastern U.S. Lewis Publishers. Boca Raton, FL (800)272-7727.

Poff, N. L. 1990. Physical habitat template of lotic systems:. recovery in the context of historical pattern of spatiotemporal
heter ogeneity. Environmental Management, Val. 14, No. 5, pp. 629-645.

Seddll, JR., F.R. Hauer, and C.P. Hawkins. 1990. Roleof refugiain recovery for disturbances. moder n fragmented and
disconnected river systems. Enviornmental Management, VVol. 14, No 5, pp. 711-724.

Vegetation

Perkey, A.W., K. Sykes, and R. Palone. 1993. Crop tree management in riparian zones. U.S. Forest Service. Northeastern
Area State and Private Forestry. Morgantown, WV http://www.fd .wvnet.edu/frm/watershed/riparian.html

Klapproth, J.C. 1998. Suppliersof plantsand seed for forestry, wildlife, and streambank restor ation projects. University of
Maryland Cooperative Extension Service. Wye Research & Education Center. Queenstown, MD. 4 pages. Also see: http
://Plant-Materials.nrcs.usda.gov:90/pmc/vendlink.html

Shankman, D. 1996. Stream channelization and changing vegetation patternsin the U. S. Coastal Plain. The Geographical
Review, V0l.86, No. 2. April 1996. Summary: In western Tennessee and northwestern Mississippi, a history of agricultural
ditching has changed the hydro-geomorphology of main rivers and their tributaries. This paper discusses some of the
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observed changes. These changes result in elimination of point bar surfaces, channel aggradation, and increased frequency
of downstream flooding. Asaresult, the distribution of vegetation asit occurs on a naturally meandering stream has been
disturbed.

Tjaden, R.L. and G.M. Weber. 1997. Treesfor riparian forest buffers. Maryland Cooperative Extension Fact Sheet 726.
College Park, MD. 4 pages. http://www.agnr.umd.edu/CES/Pubs/PDF/FS726.pdf.

Tjaden, R.L. and G.M. Weber. 1997. Under story plantsfor riparian forest buffersand wildlife habitat improvement. Maryland
Cooperative Extension Fact Sheet 727. College Park, MD. 4 pages. http://www.agnr.umd.edu/CES/Pubs/PDF/FS727.pdf.

Water Quality

Chambers, J. M., T.J. Wrigley, and A.J. McComb. 1993. The potential use of wetlandsto reduce phosphorus export from
agricultural catchments. Fertilizer Research, Vol.36, pp.157-164. Summary: Natural and artificial wetlands have been shown
to remove nutrients from passing water. In the Peel-Harvey catchment in Western Australia, three experiments were carried
out to test the ability of wetlands to remove phosphorous from agricultural runoff. The first experiment measured the
residence time for the removal of phosphorous from the wetland. The second experiment determined the effect of vegetation
type and soil on awetland’ s ability to take up nitrogen. The third experiment related flow rates through awetland to
phosphorous concentrations therein. The paper presented the following management options for using wetlands as
phosphorousfilters: 1) divert runoff through existing wetlands, 2) construct artificial wetlands at the outlet of major drain, 3)
construct wetland filters and plant wetland vegetation along agricultural drains, 4) use artificial wetlandsto filter point
sources. The conclusion of this study call for preservation of existing wetlands and wetland vegetation along waterways.
However, the study also found that artificial wetlands are limited in removing phosphorousin Australia

Clausen, J. C., D.W. Medls, and E.A. Cassell. 1992. Estimation of lag time for water quality responseto BMP’s. Proceed-
ings. the national RCWP Symposium: 10 years of controlling agricultural non-point source pollution: the RWCP experience:
September 13-17, 1992, Orlando, Florida. pp. 173- 179. Summary: Under the Rural Clean Water Program (RCWP), monitoring
in the St. Alban’s Bay watershed in Vermont determined no significant reduction in nutrient concentrations or mass exports.
Two possible reasons for this outcome include: 1) the best management practices installed did not affect the water quality, 2)
the lag time in between the installation of the best management practices and the cession of monitoring was not long enough
to show results. A mathematical scheme that accounts for nutrient imports and exports may help in the selection of
appropriate best management practices and in the estimation of the lag time for these management practices to effect water
quality. A model has been developed for phosphorous and worked with an example. The model suggests the necessity to
focus on improving water quality by managing field concentrations of nutrients.

Cochrane, H.H. and S.D. Williams. 1991. Nutrient and sediment loadsin a channelized stream and a non-channelized
wetland stream in the Beaver Creek Watershed, West Tennessee. Summary: A 1991 U.S. Geological Survey study in the
Beaver Creek watershed in West Tennessee compared the sediment and nutrient loads of an unchannelized hardwood
wetland basin, Baxter Bottom, to a channelized basin, Middle Beaver Creek. Theland use of both basins was primarily row-
cropping. Data sampleswere collected during storm events at one station from the outlet of each basin. Generally, the mean
concentrations for suspended sediment and nutrients were higher at Middle Beaver Creek. Graphs and charts of the data
show trends in nutrient and sediment levels at each station. Because the nutrient and sediment readings from the
unchannelized wetland were less, the study suggests that natural streams and wetlands have the potential to reduce nonpoint
source pollution.
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Correll, D.L. 1997. Buffer zonesand water quality protection: general principles. pp.7-20. In: Haycock, N.E., T.P. Burt,
K.W.T. Goulding and G. Pinay (eds.). Buffer Zones: Their processes and potential in water protection. Proceedings of the
International Conference on Buffer Zones, September 1996. | SBN 09530051 0 0. Quest Environmental. Harpenden, Herfordshir-
e, UK. 322 pages. Can be ordered from: Foundation for Water Research. tel +44 1628 891589, or contact Quest Environmental :
nehaycock @gest.demon.co.uk www.riparianbuffers.umd.edu/manual g/correll.html

Correll, D.L. 1999. Vegetated stream riparian zones. their effects on stream nutrients, sediment, and toxic substances. An
annotated and indexed bibliography. Smithsonian Environmental Research Center. Edgewater, MD
http://www.serc.si.edu/SERC_web html/pub_ripzone.html

David, M. B., L. E. Gentry, D.A. Koviacic, and K.M. Smith. 1997. Nitrogen balancein and export from an agricultural
watershed. Journal of Environmental Quality. July/August, pp. 1038-1048. Summary: Studies show that tile drains contain
high concentrations of nitrate (NO;y) in the water from agricultural land. Inlllinois, where alarge proportion of agricultural
production is dependent upon the effective drainage of the land, tile drainage is common. In an effort to understand the
relationship between tile drainage, current agricultural practices, and river nitrate concentrations, a study was performed in
the Embarras River watershed (Camargo, I1linois) where tile drainage comprises 75 percent to 80 percent of the total land area
and 70 percent of the watershed areais managed by tile drain districts. From 1991 through 1996, researchers measured
nitrogen (nitrate, nitrite, and ammonia) and water flow ratesin the Embarras River at three sites and four drainage tile outflows.
From this data collection, the authors devel oped a nutrient budget for corn/soybean agricultural fieldsin the watershed. For
maize, the most important sources of nitrogen ranked: 1) fertilizer, 2) soil mineralization, and 3) grain harvest. For soybean,
the main source of nitrogen was soil mineralization. The average efficiency of nitrogen uptake for each crop was 48 percent
for maize and 112 percent for soybean during the study. Soybean values may be overestimated). The study compares land
use to the concentration of nitrogen in theriver. By estimating the nitrogen budget of the soil in this agricultural watershed,
the researchers found that there was alarge amount of inorganic nitrogen in the soil originating from fertilizer application and
soil mineralization. Of thisinorganic nitrogen, an average of 49 percent nitrate was exported to the Embarrasriver viatile
drains. High flow rates caused large exports of nitrogen in the drainagetilesinto theriver.

Donigian, A. S. and B.R. Bicknell, Jr. 1993. Regional assessment of nutrient loadings from agriculture and resulting water
quality in the Chesapeake Bay area. Agricultural research to protect water quality: proceedings of the conference February
21-24, 1993 Minneapolis, Minnesota. February 1993, p 483-485. (Extended abstract). Summary: To facilitate the 1987
Chesapeake Bay Agreement of a40 percent reduction in nutrient loadingsin the Bay, the Chesapeake Bay Watershed M odel
was designed to quantify the needed reductions in nutrient importsto the estuary. The model isintended to allow for
evaluation of the impacts of land use changes, alternative nutrient management, and alternative agricultural practices. The
model isacombination of the U.S. Environmental Protection Agency Hydrologic Simulation Program-Fortran (HSPF) and
AGCHEM, asail nutrient model. The results of the simulation using the model showed that: 1) total nitrogen and total
phosphorous were at expected levels for crop land and non-crop land, 2) conventional tillage was higher than conventional
tillage in al nutrients except nitrate, and 3) total nitrogen and total phosphorous rates from highest to lowest were found in
manure-fertilized fields, conventional tillage plots, conservation tillage plots, urban land, hay land, pasture, and forest. The
Chesapeake Bay Watershed Model is currently being used by the EPA Chesapeake Bay Program Office.

Frarey, L. C. and H.H. Jones. 1996. Water shed-based management strategiesfor the prevention and abatement of polluted
agricultural runoff. Environmental Monitoring and Assessment, Vol .41.,pp. 109-124. Summary: The Texas legislature’s
methods of handling runoff pollution from concentrated animal feed operationsin Erath County provides an example of a
watershed-based approach to agricultural pollution. 1n 1990, the Texas Legislature established the Texas Institute for Applied
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Environmental Research (TIAER)to address pollution from concentrated animal feed operations. TIAER set up amonitoring
network in the Upper North Bosgue River Watershed of Erath County and a constituency committee consisting of citizens,
livestock producers, university researchers, administrative agency personnel, and chaired by a state senator. Recommenda-
tions from the constituency committee were incorporated into Senate Bill 503, passed by the Texas Legislature. The hill
includes provisions for government financial assistance, atime frame for voluntary adoption of best management practices,
and alow-cost, local system for handling complaints. To prioritize pollution problems and target high priority areas, the
Texas governmental agencies utilize a micro-watershed approach.

Lichtenberg, E., B.V. Lessley, and H.D. Howar. 1991. Maryland farmers adoption of best management practicesfor nonpoint
sour ce pollution control. Bulletin - Cooperative Extension Service, University of Maryland; Vol. 345. 1990/1991. Summary:
The University of Maryland Cooperative Extension Service conducted a survey of 208 farmersin the state to determine their
views about best management practicesin use on their land. The Cooperative Extension Service describes some current
structural and managerial best management practices (BMP), and endorses government cost-sharing in the implementation of
best management practices. Two hundred eighty farmers surveyed represented the four agricultural regions of the state: the
Piedmont, the Upper Eastern Shore, the Lower Eastern Shore, and Southern Maryland. The datawas used to assess
demographics, perceptions of water quality, types of best management practices, regional differencesin adoption, size and
types differencesin farms, temporal patterns, perceived effects of best management practices, the significance of cost-
sharing, and information sources used. The survey highlighted responses related to water quality problemsin Maryland and
the link between agriculture and water quality. The survey results allowed for generalizations of Maryland farmer’s
perceptions about the effectiveness and economic value of best management practices. The authors suggested that negative
incentives such as taxes or fines may be more effective in increasing the use of best management practicesin the state by
independent farmers. Also, they found that thereis a need for more education outreach to the farmers about these alternative
practices.

Lilly, J. P. 1991. Best management practicesfor agricultural nutrients. AG—North Carolina Agricultural Extension Service,
North Carolina State University; 439-20. March 1991. Summary: Best management practices are defined by the author as
methods to control nutrient loading and subsequent water quality degradation while maintaining crop growth. The best
management practices discussed in the publication include soil testing and heeding soil test recommendations, setting
realistic yield goals, choosing suitable nitrogen sources, applying nitrogen and phosphorous correctly, timing applications
correctly, using manure, controlling erosion, managing water flow, and fencing animals away from waterways. The purpose
of the publication isto give ageneral idea of best management practices that are suitable to land throughout North Carolina.
Best management practices should be selected for an individual situation.

McCoy, J., N. Primrose, P. Sturm, S. Bowen, and C. Mazzulli. 1999. Upper Pocomoke:: calibration of the agricultural BMP
evaluation 1994-1998. Chesapeake and Coastal Watershed Service, Maryland Department of Natural Resources.

Phillips, C. G. and H.G. Marshall. (no date). Phytoplankton relationshipsto water quality in Lake Drummond and two
drainageditchesin the Great Swamp, Virginia. Summary: From December 1988 to November 1989, water quality and
phytoplankton species were monitored in Lake Drummond and the Washington and Jericho ditchesin Great Swamp, Virginia
The conditionsin the ditches were compared to each other and to the Lake. The study found the dominant species of
phytoplankton in the Lake to be Asterionella formosa. This evidence of increasing cyanobacteria abundance is often an
indicator of increased nutrient loading and the lowering of pH. Seasonal changes effected nutrient levels and phytoplankton
presence. The findings concluded that Lake Drummond is an early stage eutrophic lake.

Primrose, N.L., C.J. Millard, JL. McCoy, M.G. Dobson, P.E. Sturm, S.E. Bowen, and R.J. Windschitl. 1997. German Branch
targeted water shed project: biotic and water quality monitoring evaluation report (1990-1995). Chesapeake and Coastal
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Watershed Service, Maryland Department of Natural Resources.

Shedlock, R.J., JM.Denver, M.A. Hayes, P.A. Hamilton, M.T. Koterba, L.J. Bachman, P.J. Phillips, and W. Banks. 1999.
Water quality assessment of the Delmarva Peninsula, Delawar e, Maryland, and Virginia Results of Investigations, 1987-91.
U.S.G.S. Water Supply Paper 2355-A.

Shirmohammadi, R. D., W.F. Weinberg, and W.F. Ritter, and F.S. Wright. 1995. Effect of agricultural drainage on water
quality in the mid-Atlantic states. Journa of Irrigation and Drainage Engineering; Vol. 121, No. 4., pp.302. Summary: This
paper considers the historical, legal and environmental aspects of drainage practicesin this Mid-Atlantic region. The history
of drainage practicesin the mid-Atlantic states dates back to the 1700's and includes the implementation of the first organized
drainage projects and the development of materials and installation methods. A discussion of four proposed drainage
projects under Public Law 566 demonstrate the social and institutional constraints on the progress of drainage. Water quality
changes are linked to increased drainage. Three studies are cited in which water table levels, nutrient and sediment
monitoring, and modeling show adecline in water quality associated with increased drainage runoff. Educational programs,
further research and monitoring, and integration of drainage into farming management practices are suggested methods to
improving water quality effected by agricultural drainage runoff in the mid-Atlantic states.

Speiran, G.K., P.A. Hamilton, and M.D. Woodside. 1998. Natural processesfor managing nitratein ground water discharged
to Chesapeake Bay and other surfacewaters: morethan forest buffers. U.S. Geological Survey Fact Sheet FS-178-97. 5
pages. Order from: 3600 W. Broad St. Room 606, Richmond, VA 23230. 1-800-684-1592; For related information see
http://www.usgs.govBay Journal. 1998. A Downhill Effort. Alliance for the Chesapeake Bay. Bay Journal. 6600 Y ork Rd., Suite
100, Baltimore, MD. 21212.

Staver, K.W., and R.B. Brinsfield. 1996. Seepage of groundwater nitrate from ariparian agro-ecosystem into the Wye River
Estuary. Estuaries. Vol. 19:359-370.

Stone, K. C., P.G. Hunt, JM. Novak, and T.A. Matheny. 1994. Impact of BMP’son stream and ground water quality in USDA
demonstration water shed in the Eastern Coastal Plain. Environmentally Sound Agriculture: Proceedings from the Second
Conference: 20-22 April 1994. pp. 280-286. Summary: 1n 1990, afive-year study on water quality wasinitiated in the Cape
Fear River Basin in Duplin County, North Carolina. Groundwater and surface water samples were taken throughout the
Herrings Marsh Run watershed. Nitrogen and phosphorous were monitored and management practices noted. The study
found that traditional agricultural practices had a negative effect on water quality at some locations, however the majority of
the test sites had acceptable water quality.

Wildlife

Klapproth, J.C. 1996. The benefits of riparian forests. Forest Landowner Vol 55, No. 6, pp. 28-31
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Melchiors, M.A. 1996. Birds and small mammals of stream-side management zonesin Arkansas. Paper presented at 1996
National Council for Air and Stream Improvement Southern Regional Meeting. Mobile, AL.

Méelchiors, M.A. 1996. Riparian zones and wildlifein managed forests. Paper presented at Virginia TWS mesting.

Melchiors, M.A. 1996. Referencesrelated to birdsand stream-side management zones - Eastern North America. Presented
at 1996 Virginia TWS mesting.

Wade, R. 1993. Planting cropsfor wildlife. Maryland Cooperative Extension Fact Sheet 598. College Park, MD. 7 pages. Order
at: http://www.agnr.umd.edu/ces/pubs/order.html

Wigley, T.B. and M.A. Méelchlors. 1994. Wildlife habitat and communitiesin streamside management zones. aliterature
review for the Eastern U.S. Pages 100-120. In; Riparian Ecosystemsin the Humid U.S.
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